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4 PBEFACE. 

illustration liave been sought. In thus aiming to render 
the subject intelligible, the author has endeavoured to avoid 
aU appearance of cram, so baneful to the true progress of 
the student in any branch of science whatever. 

The subject is divided into chapters, and the student 
is recommended to peruse them in their order, taking up 
the mathematical questions at the end as soon as the first 
two or three chapters have been read. # 

To the Teacher I would say, be not content with the 
expositions and details given; but seek for graphic 
illustrations within your own reach, and avail yourself of 
every opportunity that presents itself to make the class 
acquainted with the Steam Engine at work. 

H. E. 

Plymouth, Nov. 1872, 
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Definition^Ptapcrties of Steam i Elasticit}', Lateat Heat — Wator ia 
a Solid, a Liquid, and a Gas — latent Heat of Water— -Ebu Hit icm — 
Lftteat HtJat of 8 team — Consiunption of Heat in Liquefaction and 
Vftpotiaation — Boiling Point^ — Steam and ita PFopertiea-^uper- 
heated Steam t Deuait^i Voluuse, Expamjlon. 

1. Definition, — Steam ia t-he inviaiblej elastic fluid gene- 
mted from water by tLe application of h&iit. 

2. Bteam is Invisible. — Wlien steam is issuing fi-om the 
spout of a kettle or from a safetj valve, ii" we examine it 
doss to the spout or vaJve, we aee notliijig. It i« only at a 
diatance from these orifices that the steam is rcnderod visible, 
l»y parting with its heat to the air with which it b in 
contact ; when visible it ceases to he steam, and ia called 
Tapoiir. But many object to such a hard and fast Hne 
Beparating vapour from steam, and Bay, steam ia vapom- and 
vapour is steam. Vapour escapes from the surface, but is bj 
no means generatedj im a rule, at the Riirftice. Evaporation 
ii the escape of vapour. Vaporisation is the eonvei-sion of 
Equid into vapour. Tlie moment heat is applietl to water 
vapomation commencesj and evapointion takes place. It 
has been suggested ^ tliiit the heat applied to water produces 
the ^7i{;k efft^ct of converting part of the water into steam 
or vapour, and \j»ot heating part of the water and turning 
taother pai-t into vapour, and that the vapour thus formed 
in the body of the liquid, is diffused through the whole mass, 
Mid this vapour alone acts upon the thermometer, causing it 

•By Mr. 0. \\\ Williams. 



to rise with tli© mcrease of ita own temperature. This is 
siinplj Dal ton's law, ** that all gases which enter water or 
other liqiiida by meanB of pressurej and are wholly disengaged 
again hy the i^moYal of that pressiue, are mechanically 
mixed and not cbemiraJly combined with the liquid. Gases 
so mixocl with water rettdn their elasticity or repulsive 
power aiaoiig their own particles^ just the same in water as 
out of it." 

3. Vapour and Steam, — ^We may for ooEvenienoe make the 
following di^itinction : Wlien water passes away insensibly 
without the mechanical application of heat, it is termed 
Vapour; but when heat is directly applied to prodtico thia 
vapour, we consider it Steam. 

4. Steam is Elastic— Talie a cylinder or hos:, into which 
ifi tightly fitted a piston, aud fill it with steam* If we now 
maintain the cylindei" and steam at the same temperature, 
and apply a sufficient foix3e to compress th© steam into haJf 
the spac^j and then suddenly withdraw the force, the steam 
win again expand and fill the same space aj9 before, driving 
the piston back agjiin to its original position. The piston is 
returned to its place by the elastic force of the steam. Or 
we may ilhLstrate the elasticity of steam much better thus - 
Suppose oin^ cylinder fidl of st^im, to be steam at a pressure 
of 15 lbs. on the square inch, and let the piston be at A B^ 
and that from B tr> N be sixteen toehes. 
If the piston lie forced half-w^ay down, or 
eight inches, to G D, then the steam oc- 
cupying one -half its former space its 
pressure will be doubled^ or on ea^h 
square inch the pressui'e will he 30 lbs. 
Kext force the piston to E F, four inches 
farther down, bo as to reduce again the 
volume of the steam by one-half ^ or to com- 
press it into one-quarter of its onginal 
volume, then tlie pi^essm^ will be again 
doubleil, and will now ho 30 x 2 oi 15 x 4 
= 60 lbs, on the square inch. If it be foro^ to G H, two 
inches still faHher down, ov the volimie again decreased one- 
half, or occupying one-eighth of the original space, the pressure 
9 now 00 X 2 or 15 X 8 = 120 lbs. on the squai'o inch> We 



lee by this iHustration that tlie pressure mcreaBes os the 
flpaoe decreases. This is called Mariotte's or Boyle's law, and 
is generatlj- sspiiesaed thus ; Tks Umperature renimnhig tlie 
mme^ the vo^tmbe of a given qitaniii^ ofgm ia i7h inverse ratio 
to th^ pre3mtre tokich it sustains, 

5. Latent Heat — The heat not sensible to the thermometer 
is termed iateiit heat or hidden heat, 

6. Water is a Solid, a Liquid, a Gas,— If we take a lump 
of ice, w^e see water in its solid form, the temperature of which 
may be below the freexmg point. Ice ia one-ninth lighter 
than water. Apply heat to the lump of ice, the temperature 
is soon raised to D° C, and in whatever way we continue our 
application of heat, we cannot increase the temperature, but 
the whole of the heat vr^ employ &eta to work to melt the 
iqe ; when all is liquefied, then the imter will increase in 
temperature, thi'ough lO'' C, 20"" C, 60^ C-, etc., till it i-eaches 
the boiling point 100*^0, j after which^ however much heat, and 
however long we apply it to the water, we cannot make the 
water hotter than lOO"^ C, The additional heat simply con- 
verts the water into steam, or gas, and is employed in pushing 
and keeping the atom^ asunder, and is carded off as latent 
heat* 

7- Latent Heat of Water (or Ice). — If a pound of ice at 

O^'C, be mixed with a poimd of water at 79*4^0., the water 
will gradually dissolve the ice, being just sufficient for that 
purpose, and the residuum will be two pounds of water at 
0**C, The 794 units of heat which are apparently lost, 
have been employed in peiforming a cci-tain amount of work, 
«,«,, in melting the ice or separating the molecules and giving 
them another shape, ajid aa all work roquiros a aixpply of 
heat to do it, this 794 imita haa been consumed in pei-form- 
ing the work necessary to melt the ice, and is called the 
Latent Heat of Water. K tbe pound of water were i-e- 
con verted into ice, it would have to give up the 794 units 
of latent heat j hence we see why it should be called the 
latent heat of water, atid not the latent heat of ice. The 
three forms of water aiie, then, (1) a solid, as ice; {%) a 
liquid^ i\A limpid Amter \ (3) a gas, as stejim, 

8- The Ebullition of Water,— -The boiling point of water 
is that temperature at which th^ tsEsion of its vaipOME eTSJ?«^\^ 



balances the pi'OBsure of ike atmospLere.* TLe etudent must 
bear in miiid the law of conYectiou, im explained farther on* 
Ah part of tL^t law of convection^ he may obserre, that if 
Tvater be placed in a Floi^enee flaak^ tind held over a gaj?^ 
burner, he wiH see small globules rise from the bottom and 
ascend a small distance, until the colder water above deBtooya 
their buoyancy; this cpntinueg^ the globnle^ rising higher and 
higher^ tiJl the heat of the water increases to 100^ G., when 
they reach the top and produce what we call ebullition. It 
k the heated water becoming specifically lighter, and rising 
up with conaiderable force, 

9. Latent Heat of Steam. — The latent heat of ste^m at a 
preasui*e of 1 5 lbs. or about thiity iiichea of mercury^ is 5 Z7-2°Q. 
We will describe an experiment which will help tcJ illustrate 
thia point, and £x the fact in the memory. Let us s^^ppose 
that we have two veiy Binall vessels connected at their tops 
by a tube. Let one contain a pound of water, at the 
temperature of 0° C, and the other five aud a half pounds, at 
the same tempera tnre. If a spirit lamp be applied beneath 
the vessel containing the one pound of water, its temperature 
will gi'adually rise to 100° C, when ebullition will b^n, and 
if the heat he continued, the water will not increase in tern* 
pei-aturc^, but will pass oflf as steam along the tube to the 
second vessel, where the five and a half pounds of cold water 
will condense the steam and absorb the heat, which first 
enters and passes from the one pound, as loug as the spirit 
lamp is applied to it. This opemtion of condensation and 
absorption wiU continue until the one pound of water is all 
converted into steam and re-converted into water At the 
moment that the evaporation of the i>ound of water is com- 
pleted, the heat transferred by the steam fitjm one veEsel to 
the other will cause the five and a Lilf pounds of water to 
boil. It will be found that there are now in the second vessql^ 
six and a half pounds of water, at a teniperature of 100^ C. As 
the 1 lb. takes 100 nnits of heat to make it boil, the 5 J Iba 
take d^ ^ 100 = 5 50 units; or as there are 64 lbs. of wat^r in B, 
the total cjuantity of heat is 100 x 6J = 650 units of heat, A 
thermometer placed in the water would show a temperatnre 
of 100'' C. This 100° only being sensible to the thei-mometer, 
* Tjndflll^s Heat as a Mode of MoUm. 



THE BOILING POnTT OF WATER, IS 

the otter 550^j wMch we know to he there, are hidden or 
lateat. Exact experimetits make thf^ 5^ lbs. 6-372, Henoe 
the latent he^t deduced from, the experinient idll be 
5"372 X 100-537°'2, Thia 537»'2a, or DeS^^^aF,, is the 
latent heat of gteam. In making the experiment, ounces oi 
amidler quantities of water are emplojed, and not pounds. 

10. A Unit of Heat* — A unit of heat is defined aa tlie 
amount of heat necessary to raise the temperature of a poimd 
of water one degree. Hence the units of heat in a pound of 
steam at 100=* a, number 637^2, 

11. Consumptioii of Heat in LiquefaGtion and Vaporisa- 
tions—This is but another way of putting the lacta connected 
with the latent heat of water and ateam. We have seen that 
the latent heat of water is 79^^40, or to liquefy a given 
quantity of ice requires thia amount of heatj to luise the 
water to its highest temperature consumes 100*^0, more; 
next, to Yiipourize it consumes t>*A7^'20, 

12. The Boiling Point of Water Depende upon Pressure; 
or, the temperaturo at which the ehnllition of water begins, 
depends upon the elasticity of the air or other pressure. At 
the level of the sea, the barometer standing at 29 '905 (or 
very neai*ly 30) inches of merciny, water will boil at 100"^</.; 
but the higher we ascend above the sea level, the more the 
temperatm^ of the boiling point diminiah^. For every 1062 
foet of height, water will boil at a temperature 1^0. less; 
becanae as we ascend the presstiro of tho atmosphere de- 
creaaeg. In precisely the same manner the pressure of steam 
upon the surface of the water in a boiler %vill have a tendency 
to raise the boiling point ; because the tension of the vapour 
lias a greater pressui^ to overcome before it c^m free itself 
from, the water. But we are liere presented with another 
law— ^Ae sum of the latent and sensible heat of steam is 
constant. The latent heat of steam (as we have just &een)j at 
a pressure of 15 lbs., is 537^*20,, and the sensible heat 100^0., 
making a total of 037^^ ^20,, or 1U6^'6F. Now if water 
under & pressure of 30 lbs. boil at a temperatm-e of 1 22*^0.1 
the latent lieitt of such steam is 637^^-2 - 122'? = 515'='-2a 

This m I>g|31ack's theory ol laimt Aeo*, or, more correctly, 
it IB called IJr Elack^a theory of the latent and smidhU heat 
of ni^m. It h termed hw thwry because, ater Bt -v^rj \a*c^^ 



aeries of experiments moat carefully coutlwcted, he vtbs the first 
to propomxd the theoiy , which waa one gi-eatlj- in advance of his 
time, and shows him to have been a man of no ordinary mind. 
The eocperiments of Regnanlt tend to modify the attove 
theory advanced by Dr. Black* He haa anived at the con- 
clusion that the total amount of heat in a given quantity of 
stoam increases slowly with every inci^ise of temperature, 
Begnanlt constructed the following formula, which gives 
pretty nearly tho total amount of heat in steam at all 
temperatures : — 

Actnal tempemtm^ of gteam=- 1082^F. + -SOST?, 

This cannot he modified to give tia the foimula for degrees 
centigrade J hut must he entirely reconstructed. This matters 
hut little, seeing how easy it is to find the total amount of 
heat in degrees Fahrenheit, and then to reduce it to centi- 
grade, Kememher, then, that the constant number 1082** 
must be incretised "305 degrees Fahrenheit for each unit of 
temperatm^j to give us the total amount of heat in steam 
nnder any given pressure. 

13. High Pressure Bteam Does not Scald.— If ^team at 
high pressure be issuing from an orifice, and the hand bo 
placed in it, it will not be scalded. The reason must be that, 
as it issues into the air, the pressure is decreased and reduced 
to 15 lbs. The steam, therefore, immediately takes to itself 
the deficient latent heat from the air. If the preasiu'e had 
been 30 Iha,, the deficient latent heat would have been 22° C 
The steam is, therefore, husily employed in taking these 22** 
of heat from the atmosphere, and even fi-om the hand placed 
in it ; and so, under the circumstances, will rather oool th© 
hand than scald it, 

14. Measure of the PressTire of Steam.— The presstire of 
steam is measured by atmospheres. Steam of 15 lbs. pressure 
is steam of one atmosphere, of ^0 Ihs. pressm-e of two atmos- 
pheres, etc. It is frequently used as high as six or seven 
atmospheres; but even te^^to- 150 lbs. pressure, is employed* 
Steam below two atmospheres is termed low w^Bsmre atmmi^ 
and all presimres above ^ high pressure steam. ^^^ 

16, Density of Steam and Specific VoluibeiF-The density 
of stvam IB iiscertoined hy placing m aoi <>siii3LVLEted glass 
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globe, the capacity of -which is known, a cei-tain weight of 
water, Tlie globe is next placed in a batli of mercuiy, and 
heat is applied until the whole of the water in the globe is 
converted into steam. The temperature at which tiuB takes 
place, the Tolmne of the glasa globe, and the weight of the 
"water employed^ are the three elements from wliich the 
density is calcidated. The siJecific voliime of the steam 13 
fonnd hy dividing the capacity of the globe hj the weight 
of water employed in the experiment** At a presaiire of 
9 lbs. per square inch, the point of eaturation, by Sii' Wm, 
Fairbaim'a and Mr. Tate*9 experiments, wag 86^*8G., and 
specific volume 2620 ; at 27*4 lb a. the point of satm^tion was 
118* -20., and specific volume 906^ at 45-7 lbs. the point of 
saturation was 134*^-80.^ and specific volume 583. 

16p Point of SatEration,— At; the instant, in the above 
experiments, when all the water is converted into steam, we 
have " the point of satmation," or the temperature at which 
steam at that preasnre contains most vapour. Diiectly it 
has reached the pohit of Baturation, the steam ^ for every 
increase of temperature, rapidly expands iu volume j or, if 
confined, its elailicity is greatly increased. Steam does not 
accurately obey the laws of gases — the denaity of saturated 
steam beinf^ always gt^ater than that of gas. 

17. The Ratio of the Temperature, Density, and Elasticity 
of Steam when in Contact with the Water from which it is 
Generated. — From what was said on latent heat it is evident 
that the vapour rising from water mnst contain moi^e heat 
than the water. When steam m generating in a boiler, and 
not allowed to escape as fr^esh quantities rise from the water, 
the dmisifif tind dmtmti/ of the gteam muj^t increase ; at the 
siotie time, to effect this change, heat is being constantly added 
to the boiler ; we may express the result thiiB :— As the 
temperature iiicreaaeg, so does the elasticity. This arises 
^^ alone fix)in the expansive praperty of steam, but from 
continual additions of more steam generated by th^ 
eoptinned increaae of temperaturOj which must add increment 
ftfter increment to the density and elasticity. The steam ia 
now in a state of saturation, and has in it the greatest possible 

See Fairbaim'a fjeefai Iiifoi^nathn for EitQlnei^s^ Second Sm^^^ 
LegiitTe viii. 



amount of vapom* it can have at tliat temperature. We see 
from what precedes that a certain pi^sstire accompanies a fixed 
tempemture, and vice vcr3a>f so that we cannot increase or 
decrease the one without a coiTesponding change in tho 
other. 

18p Temperature, Density^ and Elaeticity when not in 
Contact with the Water. — If steam he taken from a boiler, 
and fiurther heated or snrchargedj the above relations of 
temperature, deusity, and elasticity no longer hold good. 
In superheatiog steam, as we increase the temperature w© 
decrectse the density, for there ia now no accession of watery 
vapour; hut the elasticity is increased in siich a manner that 
it follows no noimal standard, or at least no law has been 
discovered that will give iis the illations of temperature, 
density, and elasticity when heated and not in contact with 
the water from which it waa generated. 

On these last two pohits, let it be i-emarked, that as steam 
is allowed to nm from tlie boiler to the cylinder, it ia invari- 
ably attended hy a loss of heat from radiation ; and being 
deprived of a i>ortion of its heat^ it becomes steam of a 
different degcription to what it was when in contact with 
the water fi-om which it was generated, where it was con- 
stantljr i^sceiiing fresh accessions of heat. To maintain the 
normal relation of tenjperature, density, and pressure, it 
naust be in contact with the water; while^ when we super- 
heat steam, it receives an entb-ely different eliai-acter, and we 
must have no confusion in our minds as regards this 
difference. 

The following table is woil^hy of attention :— 

The temp, being - 40^ F, or - 60° C- the preesme in lbs- jb "006 p. aq. in, 

-^lO^F.ot-STiC, „ '021 „ 

lO^P, ot-12^|a „ -045 „ 

40^F.or r^C. „ '131 „ 

100^ J, or 37°^ C, „ '930 ,, 

212* F. or 100' C, „ 15" 

300^ F. or Ur 0. „ 727 

325°Ror 1G21C. „ IOC '8 

Miich trouble has been ttdten bj Balton, Faii^bairn, Aiiigo, 
and Dulong to detennine the alx>ve I'elatious, The pi^essurea 
Mre iare ^vea as connected by Fairhaim, 
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The weight of a cubic foot of steam at various iemp^im^ 
tares m obtained hj dividing 62| pounds, the weight of a 
cubic foot of water, by its relative volume, and we are to 
consider that the weights of water in the last coluimi produce a 
cubic foot of Bteam at the given temperatui^es and pressures. 
In the third column the numbers are expressed so as to 
show how the weighta are obtained^ -while the denomhiator 
of each fraction is the respective relative volume in each 
case. 

20. Relative Volume* — Tho irelative vohime of Bteam is 
the quantity of steam generated froiu a given quantity of 
water divided by that watciv De Pambouv's definition is, 
" Tha relative volume of steam is the quotient of the 
absolute volume of the steam hj the corresponding volume 
of water," 

21. Expansive Working of Steam. — Steam is admitted to 
the cylinder at a very high presaiirej thus giving the piston 
a great initial velocity, and before it has completed ita 
stroke the steam is cut off, or no mora is allowed to enter, 
the rest of the stroke being completed by tho elastic force of 
the steam ah^ady in the cylinder. The steam expands as tho 
piston moves onwards, and consequently its pressura, in con- 
formity with Marriotte^s law, is constantly diminishing, until 
the piston is at the end of its strake, it is thus brought 
gradually to rest, when at that instant fresh steam enters, 
and the process is repeated on the other side of the piston. 

It is not brought gradually to rast through the diminishing 
pressure of steam alone. This is elfected by the cusMmtin^j 
which will be explained in its proper place. 

When the steam is allowed to expand in the cylinder, 
more time is given for evaporation in the boiler, so that steam 
accumulates, and a saving is effected by ndng the smallest 
possible quantity during eaeh stroke of the piston. I'rom a 
minimum amount of steam a niaximimi amount of work^ by 
using it expansively, is obtained. 

Suppose steam, whose initial pressure is 80 lbs., is 

admitted to tho cylinder A N, 8 feet long, and that 

the piston pei-forma 2 feet of its stitjke to a 6, when 

the admission of steam is suddenly intercepted, the elastic 

i&no0 of tbm onenjuarter of a cylinder full of steam wiU 



SUPERHEATED OR 6UBCHABGED STEAM. 



19 



now be called upon to complete the stroke. When the 

piston gets to C D, the pressure will be one-half, or 40 lbs,, 

as the steam fills double the space; at E F 

only one-third, for it then fills three 

times the space, and so on. To find the 

pressure at ed,^ H, etc., and in fact at 

every point of the stroke, the student is 

referred to the questions at the end, 

which should be commenced at once. 

22. Superheated or Surcharged Steam. 
— ^It has become a practice to allow the 
steam, before it enters the cylinder, to 
pass from the boiler into a series of 
tubes, or into a strong iron chamber in 
which a large quantity of vertical or horizontal tubes are 
fitted; in these the steam is further heated to increase its 
elasticity by the heat that is passing away up the funnel 
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or stack; tliiia, from a given quantity of steam a maximum 
amoimt of work is obtained witJi a minimum amount 
of fuel coasumed. The annexed figure is one form of the 
apparatua, which ia genexmlly placed in the uptaJte or at the 
Ijottom of the stack, 

Tlie steam fi-om the hoilor passes through B into the series 
of tubes T; in the upper figure tliey are seen in section^ in 
the lower in plan; araund tlie tubes the heated aii* and gaa^s 
play, so that the steam receives additional heat and pajssea by 
way of D through C and C to the cylinder. 

S3. The Advantage of Superheated Steam ia, that aa we 
increiise the pressure the aniount of work done by the 
engine rapidly increases aliio; but the quantity of heat 
contained in Ligh-preasure steam ia very little more than 
that in low pi^csaniT', For instance, the iimta of heat in 
steam at 230^ F., preasm^ of 21| pounds, ia 1152^ F.; at 
330^ R, or 104 pounds pressure, it is IISS'^F,, or only 
30° R more. 

Since it is heated by tho waste products of combustion 
passing np the funnel or stack, it is more economical than 
ordinaiy steam, but it ia by no means economical if tliis 
IieatiDg is earned to excess. To onsure efficiency it wants 
littlo moro than drying. 

In consequence of its gi-eat heat, superheated steam does 
injury to the internal parts of the engine j it hums the 
packing, and ^its away the cyhndei^, especially having an 
iQJuriotis effect upon those of indifferent woikman&hip. As 
Bteam is superheated so its elasticity is increased, or tlie 
elasticity vaiies with the tcmpex-ature. In practice many 
engineei^ do little mom than dry the steam j for this purpose 
a small chest, or outer casing, is sometimes fitted round the 
bottom of tiie funnel, the steam passes thi-ough a short pipe 
from tho boiler to this casings mid is then led away to the 
cylinder to do its work, 

M. Law of Bxpansion of Superheated Steam, — Super- 
heated steam near the point of satmTition expands vcjy 
rapidly and irregularly, but if tho snperheating be continued 
the i-ate of expansion rapidly declines, and soon approachea 
ihat oF ff /jeifect gaa whose co-efiicicnt of expansion m ^yj for 
0rei^ degi-QQ ceiitigi*ade of expan^on. 
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It has been fomad that wLen the point of maxunum 
saturatioa waa between 79'^'4C and 82^ ■2C, the mean mte 
of exjia-nsioii wes ,^j when the Buix^rheating was continued 
&onL 82'^ '2 to 93*^-30, the co-eflicient of expaaaion fell fixjm 

l^T to iu- 



BXERCISES FROM EXAinNATIOH PAPERS (CHIEPLY), 

1. What is meant by capocUfj for heat mn\ laknt heat? 

What i^ the latent boat of steam under the ordinary atmo- 
Bpheric pressure (1807)? 

Wliat weight of injection water at SO** will iulEco to condense 
a given quantity of steam into water at 120^ f 

Cnpaj'itij for heat is f^plain^ I'jt ne^ chapter, ' I 

The degree are 80*^ F, and 120" F, ^ 26^1 C. and 48'|C. ' 

Each unit of water ig raised 48*^^— 26*"^ = 22^|C- 
Th^ total heat in the steam is €37° "20. Thia has to be reduced 
637'i — ^t ^ SSS^gC' (nearly). 

1. % total units of water required = ^i^ = 26^ nearly, ' 

^li- 
lt may be hero observed that no unit is given for the water, 
but tho question is put generally; henee, if we consider the quantity 
of steam as that generated from a (mbie foot, inch, or pound of water, 
the answer is 2G^ cubic feet, inch&g, or pounds. 

2. The steam enters the condenser at a tDmpcrature of 2I2*='F.; 
the water pumped out oi the condense r is at a temperature of 
1 10" F* What weight of injcctton water must bo supplied for 
eaiih pound of steam which enters the condenser? 

Before anawering thia question ttn fitudent mnst draw attention, 
to tbo fact, that the temperature of the cnniiensing water is not 
given. Ke must therefore assume a temperatuje^ say 10' 0., and 
answer the question aa shown above, An^. 17 'SI Iha. 

3. I^how, by an experiment, how the latent heat of steam may be 
OBcertained. 

4. What do you mean by the latent heat of water or ice! Which 
1^ the more correct expreSBiont 

5. Show, as to a class, that steam is elastic and in visible. 

6. Give a definition of steam , and diatinguish between vapour and 

7. Deseribe the sfveral methods hy which heat is propagated* J 
Explain the terma capacity for bent and latent heat. ^^m 
What is the latent heat of ^eam ( 1364) ? ^M 
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8* DistmguialL Ijetween eommoa eteam, eupcrlieated steam, eur- 
cbar^d Bteam, and saturated steam (18G6J. 

9. Define cap^ty for heat^ lat^t heat, and unit of caloric 
(1S65). 

10. Wliat is meaut by siip<jrhoated steam? 
Wliat advaatageg are gained by ite use (1S&5)? 

11. What is meant by latent heat ? 
Show under what circumstances heat becomes latent (1866). _ 

12. Show how to determine the weight of injection at a giYen 
temperature, which must be mixed with a givou weight of steam^ 
that the whole may be reduced to water at another given tempera- 
ture [IStiti)? 

13. Compare tbe weights of injection water at 50" P. to be mixed 
with a given weight of steam, that the temperature of tlie mix turo 
maybe llO'R (I8(itj)? Am. 1731 : 1. 

14. What is the latent heat of attiam ? 
How is its amount ascertained (1867) ? 

15. Dietinguiah between scnsiblo and latent heat ? 

WTiat is the smallest weight of water at 32* which wiU be 
Buliitieut to condeuse a pound of steam at the atmospheric pressure 
(1S5S)! J?i.^. 5'37 lbs. 

16. What is the distinction between sensible and latent heat ? 
Describe an instrument for measuring the former {1S(>S)* 

17. Under what circumstances generally (1) does heat become 
latent, {2) does latent heat become aensihle t 

What amoimt of latent heat becomes sensible when ice ia 
tbAwed into water (18GS)? 

18. Two ounces of water at CO' are placed in an evaporating dish, 
which ia covered, except a small opening, by a glass plate. The 
llame of a gaa-bnmcr causes the water to boil in 3^ minutes^ and the 
whole is evaporated after 22 minutes more have elapsed. What 
should you infer as regarti^ the latent heat of steam fTom this 
experiment ? 

What ia the correct nimierical value given by a moro exact 
process ? 

The water ii heated in 3^ minutes from GO'F, to 212'F,, c?r 
through 152'R 

It ia then evaporated in 22 minutea. 

It is evaporated ^-^^ 60 times tbe time it took to boiL 

• \ heat put into the steam is 152^ x B'Q ~ lQOT-2. F. 

,\ the latent heat of steam ia 1003"-2F. 

The correct numerical valtze given by a more exact process is 
967" F. 

Had the time given in the expenraent l>ccn 21 min^jtea 10 
seconda, the answer >vould come ont Olifi^^VF-p which is sis near as 
It caa ho wi^ed to get to the act\ial result* 
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19. Describe aa exparimeut proving that water ia aa es^tremelj 
bad conductor of heat. 

In what way, th^n, can a largo mass of w&ier, Bucli as that in 
a eteam boiler, be readily heated ( 1869) ? „ , 

20. Explain the meaning of latent heat. 

State Black's law aa ta the latent heat of atoam fonned under 
different preaanrea. 

Is this law strictly verified by e:JtperimeTit (1869) ? 

21* Under what circnnifltanceg does beat become latent ? 

How much water fUd Watt consider necessary for tho condens* 
ation of a cubic foot of steam at the atmospheric pressure ? 

8tatc the considerations which led to the practical conclusion 
at which he arrived in the case of a condensing steam engine (1S6!J). 
Watt supposed temperature of hot well to he lOO' F, 
„ t> i» Injection water 50' F, 

Working thiB out, as in Example 1> gives 22*24, 

Therefore, he conclnderl, I cubic inch of water turned into 
etcam will require 22^ cubic inchea of water to condense it. Watt 
allowed 28 9 cubic inches, or about a wine pint, for every cubic inch 
of water evaporated, because as a practical man he knew that et^nj 
atom of water would not do all required of it* Hence he in practice 
allowed above one quarter more than his theory allowed. 

22* How can it to shown that the temperature at which water 
boils depends upon exttirnal pressure ? 

What is high pressure steam (1869) ? 

23* Deecribo accurately the diil'eience betwe^i steam in contact 
with the water from which it is generated, and when not so in 
contact* 

State the law connecting the pressure, volume, and temperature 
in the latter case ? 

WTiat ta the formula employed hy De Pambour as applicable to 
the foiTuer (1865) ? See chapter on De Pamhour's theory, 

24 State the laws which regulate the pressure of ateam; {1} When 
in contact with water ; (2) When not in contact with water (1865)* 

2X What is meant by temperature ? 

TVTuit are the general effects of adding heat to or sahtraeting 
it from a body (1865)? 

2S, How much steam will bo required to liH a cylinder, whoso 
diameter is 60 inchea and length 6 f eet^ forty times per minute, tho 
volume of the steam bemg 1200 times that of the WBitor from which, 
it was formed (1864)? 

Alls. 3 927 feet, or 3 927 cubic feet of water must be evaporated 
per minute to give the necessary supply of steam, 
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HEAT, 

Definition— ^"Expansion and Contraction— Ejcpansion and ConirAction 
of Water — Co-eflicient of Expausiou^^MoleciJaj* Power of 
Expnnsion and Oontraction — Atf^mic Forces — Ilrtdiation and 
Absorption — Conduction — Friction— Temperatnro and ^le^sures 
of Temperature — Thermonieter^ — Pyrometex — SpetiiliG Heat — 
Calorimeter — Coavection — Heat and Work— -MeDJiauical Equi- 
valent of Heat* 

When heat is imparted to a hodj its atoms piisli etach other 
asimdeiv and the inolecule& commence to oscillate more or 
1©^ rapidly. Tho moi^ intense tho heat, the quickei' the 
particles oscillate; bj rsuuaing tho temperature ycai iuci-eos© 
the oscUIations, while cooling is a decreaso of vibration, or 
loss of motion. 

S5. Bodies Expand by Heat and Contract hy Cold*— Tlie 
la^ is almost univei-sal that bodies expand by heat and 
contract hj cold 

(a). The most familiar illiiBtratioii w& have of this law ia 
in the expansion and contraction of water when imder the 
influence of heat and cold. Take water at a temperature of 
4^^ 0- ; affcer the heat has been appHed for a ahoH time, it 
will begin to expand, and will continue to expiind as the 
temperature increases, till it I'eaches the boiling ] joint 100** 0. 
After this, if we continue to apply heat, no altei^ation will 
take place in the temperature of the water. The additional 
heat that passes into the water is employed in conveiting the 
water into steam, A cubic inch of water ^vili supidy 1669 
cubic inches of steam, or nearly a cubic foot. The I'eaiilt of 
another experiment was that a gallon of water, ovapoi-ated at 
100'^ C, produced nearly 1800 gallons of vapour. When cold 
is applied to thia vapour it contracta to its oiiginal volume. 



(b) In buildiug moh bridges m thfi Albei-t Bridge, Salta&h, 
the iSritaniiia and Conway tubnlar biidgies, spaces are left for 
the expanainia and contraction of the ii^on- The difierenco 
between the len^ha of these bridges measured duriiig tlio 
extreme heat of aiimmcr and the exti^me cold of winter, la 
considerable, 

(e) Experience has taught ua that, in laying down the mils 
for a railway, spaces of about three^ighths or a quarter of 
an inch must be left to allow the rails to expand in length. 
Were this not done, the molecular force of ox:pansion would 
be sufficient to draw the spikes or lift the sleepers and rails 
ont of theii* places. 

Mr, Stephenson once stated that, in consequence of Laying 
three or four miles of line, near Peterborough, with close 
joints, the heat of the sun on a waim day caused snch an 
extension that the i-ails and sleepers were lifted in one place 
from the ballast so as to form an arch fifty feet long and three 
feet high in the aii\ 

(d) The simplest plan to separate a crank from a shaft on 
which it has been shnink^ or, in fact, to disconnect any 
rust joint, is to apply heat, when the bodies (being of diilei'ent 
dunensions) expand unequally and sepai-ate. 

(fi) Many other illustrations might be given, as, when 
warehouses constructed with lii^e-proof flooi-s, etc, have been 
destroyed by Ih^, the walls of the buildings which wei-e con- 
aidered indestructible have been thrown do^^^l by the enoi-moua 
ejqmnsion of the ii'on giixlers, tie-beams, etc. Wheelwrights 
and cai-riage buHdeiSs when they wish to place the tire upon 
ft wheel, expand it by placing it in a fire, then slip it upon 
the wheel, and suddenly cool it, when the molecular power of 
conti^ction holds and binds the w^holo wheel firmly together. 

26. Bodies Contract by Cold.— Tins may be illustrated by 
most of the foi^egoing Lo stances of expansion by lieat» A 
cubic foot of Bte^im becomes a cubic inch of water when con- 
tracted hy cold, T?ie ends of railway rails are more widely 
appaiiated in winter than summer, Tliis point wiU be fm^her 
illustrated under the h catling of Molecular Foi-ce; but a good 
illustration will be found in the method by which collai-a ai^ 
shrunk on a shaft. A neat way of putting coUai-s on heavy 
marine eliafts where the joumali come, is tina \ \s<^^^a Sixs^ 



tm-ned on tlie sliaftj and two ribs, tkree or fonr-sixteentliB of 
an inch high, ai^ left on the hosaea for the collars, which 
must he prepared in the kthe, and then halted and slipped 
over the liba, then npon contracting with the cold they will 
firmly grip the shaft. 

27. The Exception to the TTniverBal Law of Expansion 
by Heat and CoEtraction by Cold* — Suppose we have a body 
of water at 100*^ C, and expose it to cold, it will gradually 
lose its motion or heat, cooling down through 90*^, 60^, 30^, 
etc,, and wil! contract or occupy a smaller space imtil it 
descends to dB'^ 0*, when it will contract no more, for it has 
\ reached the point of moidintim denaity. Fix>m 3^-8, as the 
water becomes colder it eospands^ till it reaches the freezing 
point 0"^ C, so that the ice is specifically lighter than the 
water, and consequently floats upon the surface. Were it 
not so, or did the water ui the act of freezing become heavier, 
it would sink to the bottom, and all livers and ponds would 
become froiien masses of ice in temperate and sub-arctic lati- 
tudes, which could not be melted tOl a July sun exerted all 
its in^uence. Consider the effects of this npon the earth : a 
boreal climate %vonld extend beyond the Stmits of Gibraltar. 
Every plumherj and almost every housekeeper, to the advan- 
tage of the former, and the imnoyance of the latter, knows 
the effects of this expansion upon lead water-pipes. It splits 
rocks in frozen ix^gions, and makes enormous fissures in the 
earth. We may state the fact succinctly thus: — ^ Water 
expands at the moment of freezing, or contracts on melting, 
nearly 10 per cent. A cubic inch of ice gives '908 cubic 
inches of water, or one cubic inch of water gives 1"102 of 
ice at the same temperature. Bismnth is another exception, 
it expands on cooling, and exerts an enonnons force. 

28- Co-effilcieEt of Expansion.— The Hnearj superficial, or 
cubical co-efficient of expansion is tlie amount a body expands 
in lengthy surface, or volume on being heated one degree* 
The superficial is twice the linear, and the cubical three times 
it. All elastic fluids expand about the same, or -^rj^ - "00366 
part of their %• olumej on being heated one degi^e centigrade, 
or^^forl^F, 

The following is a list of a few of the chief co-efficients of 
expansion ; — 
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Linear. 


Cabjoat, 


OkBH, . 


■OOOOOSTfl 


-0000254 


Copper, - 


iwooni 


^0000512 


£ra^, 


0000185 


'O000554 


Iron (wrotiglitj, 


-OOOOllS 


-OOOOrUH 


Lead, 


'00002S4 


OOOOSiK) 


Tin {Comiah), 


-0000217 


-OlOOUIK) 


SUver, , 


-OOOOl'il 


■OfK>0574 


Gold, . 


^0000151 


0I.W0453 


Pln,tiuTiiM, 


•oooooss 


i)0()0264 


Ziuc^ 


-mmm 


-0000390 




It should be noticed in all cases how near the cuhical 
co-eJJicient la thit^e times the linear. The siiix^i^cial will be 
foimil by simply doubling the numbers in the fii'at column. 

29. The Eno'rmous Power of ExteEsion and Contraction, 
— ^^Mien bodies expand, the molecule?^ of which tlipy aro 
eomposed are puahetl farther asunder by the osciUatoiy 
motion communicatetl to them. The heat may be describe<l 
03 entering the ^substance, and immetUately setting to work, 
sepamte the pai-ticles. The power or energy they exert 
to do this ia immense. The following are illustrations of the 
energy of molecular foix^ea, "We have already mentioned 
sevcnil under the heatls expansion and contmction : — 

(^t) Wlien a diy wooden wedge is driven into the crevico 
of a rock, imd moistened with water, the wedge swells and 
splits the mass* Thiia many accidents Imvo liappened to 
grinders thi-ough the wedges swelling between the axle and 
the fitone, and causing the latter to burst. Of coiirae, in this 
caee, centrifugal force asaisted the wedges. 

(b) When a rope is moistened, the diameter becomes 
bj-ger, and the rope shorter, for the fibres are di-awn in by 
this enlargement, It is said that, in lifting the statue tf 
Kelson into its place iu Trafalgar Sc[iiai-e, the rojica had 
atretcUed throiigh the great weight, and the blocks were close 
to each other. The wliolo operation woidd have faded, 
althcaigh the hero was witliin a very Bhoili dist since of his 
place, hud not a aid lor cned out, " Wet the ropes." The hint 
wiis iniuietUatc^ly taken, and tbo work accomplished. 

(c) Water is turned into steum hy heat; tlds heat endows 
the water witU (atomic) force suliicient to diivo tlie loco- 
motive, to propel the steamehi]) round the world, to work 
the mill, the for^e^ the hanimm^ the piunp^ otc. 
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{£) If the wall of a largo building bo bulging out, and m 
iron girder plajceJ in a proper positionj tlie power of contrac- 
tion by cold will subserve tlie purpose of bringing it into the 
I>erpondienlar. It has been done on a lai^ scale in France. 
A girder (or girdci-s) was lit ted across tlie building wiik 
strong walbplatea tit eiicli end, and sci'ewed u]) as tightly as poa- 
eibla All along the girder was applied a ninnber of gas jeta, 
and as it expanded by tlio lieat^ tko screws were tightenfsd* 
The giitier was then allowed to cool, and the sti-ain of iti 
contraction was sufficient, after rei>eating the process several 
tiancs, to draw the walls into the ])eipeiidicnlar, 

(e) Wo may aimoat add, that the Gulf Stream and the 
trade winds aro caused by tlie atomic forco of boat (but sea 
Oonvectimi). 

30. Mole<!Tikr Force^ or Atomic Force* — All molecides 
ai^e under the influence of two opposite forces. Tbo one, 
molecular attract mi , tends to bring them together; the other, 
l^eat^ tends to sepai'ate them, its intensity varies with its 
velocity of vibration* Molecular attraction is only exerted 
at infinitely small distances, and is known under the name 
of cohesion f <lfftnit^f and adheuon, 

31p Cohesion. — ^Ey the foi-co of cohesion this paper ia 
held together. Heat and cohesion ai'e directly ankigonistic 
When hc^t predominates in liquidsj they become gases] w^hcn 
cohesion predominates, they become solids, or they may 
assiune the spheroidal form, as exhibited in the dew-<lrop, 
a tear, etc. The manufacture of shot gives a strilting illus- 
tration how the two foi^cea, cohesion and gravifcationj act 
The load for the shot is melted at the siunmit of a high 
tower ; the molten lead, mixed with a little ai*genic to give 
it the exact amo;int of fluidity , is then poured into a kind 
of sieve. It passes through the holes by its own weight 
(gravity), and in falling througli the air, assumoa^ — through 
the force of cohesion acting on it, in the same way as in tbo 
rain-drops — the foi-m of a sphere ; by the attraction of gravi- 
tation, it falls to the gi^ound, 

32. Affinity or Chemical Affinity is another form o! 
molecular force. If oxygen and hydrogen be chemically 
united, in the proportion of one to two, they form water. 
Tk% molecules are united by ciiemioal affinity, but lield 



EADUTIOSr AND ABSOBPTIOSf OP HEAT, 

together by coheaion. By the same force light is prodaced. 
The majority of lightrgiving aubataneea are composed of 
hydro-ciirboiL The oxygen of the air first combiaes with the 
hydrogeaj because it hiis the greatest aftinity for it; the 
carbon is then set free, and we have an inteiiso hght, a;* the 
carbon paasea fi*oin the hydrogen into the oxygen duiing the 
great evolution of lieat caused hy tho chemical combination, 

33, Adhesion is the molecular force exei-tcd between 
bodiea in dii-ect contact. If two pieces of lead have their 
pure metallic surfaces laid bare, and be put together with a 
twiat and pressure, they become united by thb force. So 
will fiteel, or iron, or brass, unite with lead, if their clean and 
flat metallic surfaces be brought into contact. In pimcbing 
out leaden bidlets from the solid lexid^ aa is done at Woolwich, 
the steel dies will adhere to the lend and become one solid 
moss, unless grease be used to prevent too close contact. 
Two pieces of flint-glass irill thus unite when truly flat and 
clean. Before the introduction of tho thmst-block to receive 
the thrust of the screw-prapeller shaft, the whole thi^ist 
or force to diivc the vessel was received upon a fixed steel 
plate. Instances have been known in which the end of the 
Bcrew-shaft and the steel plate havo so firmly adhered to each 
otb^ that tho ehioft has broken elsewhei'o, TJiis simr>ly 
resulted from the constant and enormous friction ha^ang 
consumed all the oil, etc*, between the two; and two pure 
metallic surfaces were formed, which united under pressure. 

The atomic force of heat luia been suMciently illustrated 
under the headings of expansion and cuntractiom But wo 
must not omit to notice how this is connected with onr suh- 
ject, steam. By employing these atomic forces wo obtain 
the fire necessary to generate tho heat required, which endows 
the water with potential energy sniHcieut to do aU our work, 
and tlib simply by observing how they act, and making them, 
by using natuiul laws, work for ns. 

34. Radiation and Absorption of Heat, — Good and had 
radiators. — Badiant heat is heat passing out of bodies into 
the air in straight lines. We have also the radiant heat of 
the sun, conveyed by the ether to our atmosphei^e, and passing 
through it to the earth* Some bodies will allow radiant heat 
to pass out more fivel/ thtm others. Tke t«3^ m m ^itCto^- 
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ware teapot coola more rapidly thfin in one of silver. A 
boOer impainted, imclotliedj or not Hurrounded as far as 
possible by sawdust, aaliea, etc., will radiate far moi*e ke^t, 
or Inquire moi*e fire to keep np steamy tlian one tliat is 
protected and well sirrrounded bj some of tlie enbatanc6s 
mentioned, Glasi ii a better radiator than yiewter. Colour 
does not effect radiation. If too much water be filled into a 
boiler at first, tbe fir^ will not bum so well as if only a little 
water were in the boiler ; because the Ere absorbs too much 
cold at a time, or too much cold m conducte<l fi-om the water 
to the fire to alloAV it to bum properly. For the same reason 
too much fuel thrown on a fire tends to init it out, 

35. AbaorptioE is tlie powder of taking in hea.t. Coated 
surfaces absorb moi-e readily than imcoated. Lampblack 
j-eadily absorbs heat, and qnite as i'e;Klily allows it to i-adiate. 
Thej-e is this recipi-ocitj between iwiiation and absoi-ption, — 
good radiators are good absorbers, bad radiatoi's are bad 
absorbers. Take the same instance again. An earthenware 
teapot is a good absorber and a good imliator. Hence good 
tea is made in it. For its iK)sseBsorj by placing in on the 
hob, puts it where it can readily absorb hetit, and so all the 
flavour and strength is properly exti-acted from the leaves. 
Coat bodies with ever so thin a layer of metal it becomes a 
powerful defence agiiinst mdiant heat. We thus see that 
the engine driver, who keeps his cylinder covers constantly 
bright, powerfully protects them from a loss of heat. Steam 
pipes should be well clothed to prevent this radiation. 

36, Conduction. — If we place a poker or piece of iron in 
the fire, the molecnles of the iron iu the fire immediately 
begin to a^cillate, and each molecnJe stiikes its neighljoui^, 
passing the motion on ; so that the end of the poker out of 
the fire also becomes warm. The pi-ocesa by which the heat 
is passed up the poker is called conduction. There are good 
and bad conductors. The metals aie generally good conduc- 
tors, and the earths, sawdust^ ashes, stone, glass, chalk, etc*, 
bad conductors. Silver is one of the best conductors. If 
we call its power of conduction 100, that of copper is 74, of 
gold 53, iron 12, lead 9, bismuth 2, A kno%vledge of thia 
property of heat will teach an engineer on what to bed or 
BUEToimd his boUer^ bq that the least possible heat may be 
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conducted out of it ; alao, in wLat lie may case tb steam 
pipes, cylinder, etc, to attain the game end. 

37, FriotioiL — Eyery school boy knowa the effect of slmq^ly 
mbbing a metal button on the desk, and clapping it on to hia 
iieighbonr*s hand. Any amount of heat may be generated 
by friction. The breaks of a railway train are constantly set 
on fire by this cause. The friction caused by axles, journals^ 
etc,, cfn bearings, quiekly makes them hot. Oil keeps a bear- 
ing cool, becaTise it lessens the friction. No amomit of oil 
will keep a biidly tmnecl bearing or an improperly scraped 
one cool, for the inequalities left by bad workmanship are 
the best genei^atora of heat. 

The action of the lubiicant is this t a thin illm of the 
Inbncant is paiiially capable of preventing the snifaces of the 
two piecea of machineij coming into contact, it thus reduces 
the resiHtance due to friction, and assista also in conducting 
away the heat generated by friction. 

Tho reaiatance fi^m friction depends not alone on the 
roughness of the surface, but the force of presstn-e, the load 
or work done. On the same axnface a double load will pro- 
duce double the amount of friction, a treble load treble the 
amount, etc. This statement must be taken within certain 
limits. Friction does not at all depend upon the magnitudo 
of the Hurface in contact. Lot a block of brass, weighing 
100 lbs., be placed on a flat, smooth surface of cast iron, it 
will require a force of S2 Iba., or yVir-xo- ^^ ^^^ whole to 
draw it along. If another 100 lbs., the same size and shape, 
b© attached to the side of the other, it will require 44 lbs, to 
draw it along, still ^^ - ii ^^ ^^ whole weight. Kow, let 
the second block be placed upon the first, so that with the 
game weight we have only one-half the rubbing surface, 
experiments concluaively show that the fiiction is stUl 
1^, or it requires the 44 lbs. still to drag the two weigh ta 
over the cast iron, although the surfaces in contact are 
diminished by one-half. This ^ = *22 is called the co-eflicient 
of friction. 

The laws of friction received great attention from Coulomb, 
' General Morin, etc. The following are a few of the co-effi 
cbuta that may possibly prove of service to the engineer, 
I Unguents were not uaed in their determination : — 
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Oak an oak,,,*,.. ,.,• ,.... '62 

Wrought iron on oak,...*. '49 to "6! 

Cuit iron on oak, ...*..... .....* '65 

Wrought iron on cast, .... ...». *..,. *10 

Coat iron on cast, *....,*. , *10 

Caat iron axJcs on Lignum Vitra bearingfij .,, '18 

Copper on oak,...,...,, , *,,„.,....... "02 

Iron on olm, ...*******»* *..**,*.„,..„...„..*.. "25 

Pear ttTe<3 on cast iroHi.,,**.. .*..**.,,*.**......*.. '44 

Iron axlea on Lignum Vitaa bearings, .,* "U {with oi! ) 

Iron axlea on brass bearingB^ , "07 ( „ „ J 

The two lawa of fidction may be expressed thus! — (a) 
Within certain limits thp^fnction of any two surfaces increases 
in jiTop^Tilon to tim force applied to press them togfith&\ (b) 
The f nation is enilrdy independent of the TmifpiiMde of the 
two 8ur fates in co7itacL It mnst never be forgotten tliat the 
friction of motion is wliollj independent of the velocity of 
motion. To n^duce fiiction Inbiicants are employed, suck aa 
grease, tallo^nr, oil, 8offc soap mixed with oilj black lead, etc., 
"with water tind ^ilphur; the two latter act in a very different 
manner to the hibidcnnts, and are generally used in exti-eme 
caaea. The co-efficient of wrought iron on oak ia '49 in the 
diy state, but apply water it is I'exluced to 26, while soup 
will reduce it to *2L Oil, tallow, laixl, etc., have all abont tha 
Bume effect, whether it be w^ood on wood, wood on metal, or 
meial on metal, the co-eflficient being 07 or -08, or lying some- 
where between; but in the case of tnUow interposed between 
metal and metid the co-efiS.cient rises to *1. Water i^uces 
the tempeniture of beatings, becange it boOs at a very low 
temperatuTO, and thus a lai^e amount of heat is carried away 
in steam as laimi heat Sulphur boiling at a temperatn 
108^ C, acts on the same piinciple. 

Cold -water' should never bo thrown upon a hot axle 
bearing, thei^ being great risk of fracture owing to the 
sudden contraction of the metal. 

38, Temperature and Measures of Temperature. — Tha 
temperature of a substance in the amount of sensible heat it 
contains. This heat is measured by tie thermometer|_ 
pyi^ometer, or calorimeter, 

39. The Thermometer, — ^The thermometer m used fd 
me^uring tha inteiislt^ of the he^t in mtj water^ etc It 
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mamly consists of a tube with a capillary bore^ and a bulb 
at the end containing mercrny or quicksilver, Bj tbo sido 
of the tubo is the scale, gradiuted into degrees, fi'om whieh 
the tempei-atm^c^ are read oK The filling of the balb and 
part of the tnbe with mereuiy requires the nicest rasnipula- 
tion, so that aH air and moisture shall be totally exelutlcd 
from the tulie^ after which the end is henneticallj sesiled. 
There are thi^ee methods of graduating the thermometer:— 
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(3) Reaumur's, 
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40< (1) Pahrenheit's Tliermometer.— Gabriel Fahrenheit 
was boiTX at Dant2ic, find settled at Amsterdam as an instru- 
ment maker, where, in 1 725^ he improved the thermometer by 
Httbatitiiting mercury for fipiiita of wine, thtia greatly 
increaaing its accuracy. The expansion by heat and con- 
traction by cold of mercury, is the same for all temperatures, 
at least practically so, for which a thermometer is used* 
Hence the anperiority of raercuiy over alcohol or water. 
Fahrenheit named the freez- 
ing point 32 °j and the lioilhi^ FAhffiEWMEIT CENTtCRADE REAUMUR 
point 212^, The reason for 
this choice may be briery ^^■^*' ^J^i""^ 

noticed. Ice in the act of 
froering, and also during its 
conversion into water, retiiina 
always the same temperatiu^j 
boiling water, under the same 
pressure, also maintains tho 
same temperatui-e as long aa 
it boOa, and yon cannot make 
it hotter under the cii-cum- 
stancea. Therefore no better 
starting points for the gradu^/- 
tion of the thermometer can be secured, especially m pure 
water is always procurable. 

In Fahrenheit's time it was supposed that tho greatest 
degi^e of cold attainable was reached by mixing snow and 
cgmmon salt, or snow and sal-ammoniac* A tfiarm^onaj^x 



Lie- 



TITERMOmiiTEr^. 



31 ^^^^^^^ BTEJlSI. 

plunged into a niktm'e of this kind was found to fall mmh 
lielow tK© point indicated by melting ice, Tke point to 
which the mercniy fell by contimrtion, whrn plunged in this 
mixture J Fahrenheit marked 0*^, the interval betiveen this 
tvnd the freezing jwint he divided into thiity-two equal 
divuiionSj hence the freezing point ciime to be intlieatcd by 
32^^. The equal diviaiona wem continued iip wards, and the 
merciuyj by expansion, reaching !J12^ when the thermometer 
was innnersed in b oiling water, thlg 212^ was called the 
hoiiing point. This is biiefly the reason for Fahrenheit adopt* 
ing his method of division, and ^^hy he hiis. 212° - 32^ = 180^ 
between the freezing and boiling points, Faiirenheit's ficale 
ia tiie one used in England. A much lower tempci'aturD than 
0*^ F. has been observed. Mercury becomes solid at - 40^^ F* 
This temperatm-e, which haa often been observed by Aixitic ex- 
piorers and othera, would perhaps be a better limit to the scale, 
hecauao it would tlien i-egister th® utmost extremes of heat 
and cold to which the nieixjiirial thermometer is sensible. 

41, (2) Centigfrade Thermometer — Celsius, a Swede, 
adopted another mode of division. He marked the freezing and 
boiling points on his thermometer, calling the former 0^^ the 
latter 100°, and divided the interval between into a scale of 
one himdi-ed pai-ts. This method cf indicating the measure of 
heat is caUed the centigrade^ and is foT:ind so convenient that 
it is fast EupersediDg Fahrenheit. The sooner it displaces 
the other modes the better, as the decimal and a itniform 
scale seem veiy much wanted, and ai^ cert^iinly the most 
convenient. This scale is mostly used in Fnmce. 

42. (3) Be^lUQlir, or Komerj inb'oduced a much more arbi- 
trary division of the scale, which is commonly used hi Germany* 
He called the frcezing point 0^, the boiling point 80*^, We 
now see that in Fahrenheit's scale there are 180^ between 
the freezing and boiling jxiints, in the centigrade lOO*^, in 
Beaumur 80°. 

Rides to compare the reading of one thermometer mth 
that of another; — 

(1) To convert F^renheit's degrees to eentigrade^^ 
Subtract 32^*, then multiply by 5, and divide by 0. 

(2) To conveit centigrade to Fodirenheit — 
Multiply by 9, divide by 5, and add 32^, 



(3) To convert centigrade to Kcaiimm'— 

Miiltiplj bj 4 and divide by 5, or subtnvct one-fifth. 

(4) To convert R^tnimnr to centigvcudG — 

Multiply by 5 and flivitlo by 4, or add ono-qiiarter^ 

(5) To convert FaLrenhcit to Ecaumnr, or Kcainnur to 
Pahrenlieit— 

First bring them into centigrade, then reduce to 

Fahrenlicit or Keaumur, ^vhichever may be 

requii^d. 

Exercises on the I'ednction of the number of degi'ees of 

one thermometer to an equivaleEt number of another, v^iU he 

found at the end, 

43. The Pyrometer,^ — The pyrometer is used for showing 
the change produced in solid bodies hy the application of heat, 
from this c]ia.n^3 the tsmpemture is calculated. The pyro- 
meter has been brojght forwiutl in many shapes, such as the 
Sevres, Wedgc^'ccd'a, EUicott^a^ Guyton's, Danieli'a, Lavoisier 
and La Place's, etc, Wedgc-Arood's pyrometer consisted of 
two pieces of braras, each 24 inchea long, fastened on a plate, 
with two of the ead.i five-tenth a of an inch apart, and the 
other two thi'ce-tenths apart. Small cylinders of carefully 
cleaned and well baked clay wei'e made so as to exactly fit 
into the larger end when the clay was just red hot. On 
exposure to greater and intense heat the clay shrank, and 
the fuHhsr it passed do^vTi between the bai-s the highei- tho 
teniperattira of the fire, fmiiace, etc. The shidnkage of clay 
is not uniform at all temperatures ^ so Wedge wood's apparatir^ 
has been abandoned for LavoLsier and Laplace's, of whicli 
a full deaoription will bo found in Mr* Balfour Stewart's 
Ti'palise an l/eaty page 26. 

44. Danieirs Pyrometer*— This is a valuable instrument, 
imd consiists of two distinct pmi;s — 

{1) The Registeil 
(2) Tim Scale. 

45. Tlie Eegister. — A E conaists of a solid bar eight inches 
long, cnt out of a piece of black-lead earthenware, down its 
contro is drilled a hole, m^jj^ked by the dotted Lines, reaching 
nearly to the bottom, A tube of idatinnni {ac} is fii'st x>lacod 
m tho hole, above thi^ and touching it ia ci twbia qI ■^qv^^^yq. 
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(cd)t called tlie index. Boiintl tlie register at A is a etnip of 
platiniira which can be iigliteiied bj a wedge, not shown in the 

figure; when the index is forced 
oiit hy the heat expanding 
the bar of platinuni, tke Btrap 
prcventa it from rcturniDg, 

46. The Scale cousista of a 
frame foi^med of two r<;ctan^n.ilar 
plates of brasft, C and B, C ia 
joined on to D by two hinges ; 
C acts as a guard to keep the 
i^gister A B in its place. The 
strap also rests on the projec- 
tion hf which rdso porfoima the 
same office* E is a graduated 
arc formed on the end of the 
arm F, which moves on a fixed 
centre /, w^Iiilo ds jb another 
arm moving on its centra a, 
dakiell's pyeometeb* and carrjdng a vcmierj V, and 
terminating in a knifo-edge at d. When about to be used, the 
register is placed behind the scale, as seen in the figure, so 
that the tube of porcelain just touches the aim c£e, the 
position of the vernier is noted, then the register aionSf with 
the index and platinum bar in it, is exposed to the beat to 
be measui-ed; it is next taken out of the heat and allowed to 
cool; after which it is applied to the scale j or placed as in the 
flgiu'e, the stmp pi-eventing the index from returning to 
whei-e it was pushed by the expansion of the platinum ; it is 
evident that the vernier will he moved downwaixla through 
the arm e, being moved on its fulcrmn o, and irkdicate the 
teniperaturo corresponding to the expansion of the platinum* 
The difference between the first and second readings will 
he til temporatuix> sought. 

47. Mr, HoTildsworth'B Pyrometer,* as used in his experi- 
ments on the combustion of fuel, k a useful and simple 
apparatus. At the bottom it consists of a bar of copfser 
resting on iron pegs, placed in one of the side flues, and 
fixed on the end of the boiler. One end of this bar cornea 
* Sco F^rhmm's Useful Informxixon Jqt Engiuecr-s. First Seiiea* 
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ME USE Of Tiril PYEOHETEtt* 

tlirongh the Lriekwork and gives motion to the slioH arm of 
a lever, the longer m-m of tbo lever aiiswei*s tho purpose of 
an indexj pointing to a graduated aeaJe of t^mperaturea. As 
the bar of copper expauda and contracts by the varying 
temperatiu'o of the flue, it compels the index to movo 
backwards and fonvaixla. To the Lnrger ai*m of the lever 
ia also attached a ixid jjairLllel to the former, which also 
moves backwanla and forwards with the change of tempera- 
ture. During the oscillations thia latter bar causes a lead 
pencil to press on a revolving cylinder, round wKich is 
fastened a sheet of paper, so that a line is traced indicating 
the variations of temperatm-e in the Hue, as exhibited by the 
expansion and conti-action of the bar of copper, 

48, Tke Use of the Pyrometer is to exMbit the tempera- 
ture of furnaces, ovens, kilns, etc» IHr HouLdswoi-th 
.blifllied by it the following interesting facts :■ — 

(1) That the admission of a cerkiht qitantUy/ of air behind 
the bridge acti^ 7iiost advmiiageousli/. llio oxygen of tho air 
combines with the carbon and hydrogen of the fuel, and a 
greater amount of heut is developed for generating steam. 
The smoke ia also consnmed ; whenever smoke is seen we 
Lave a sure sign of waste. Too much air cools the fumacej 
too little gives an imperfect combustion; but when the 
proper supply is maiutiiined we have perfect combustion. 
The carbon of the coal, which is seen so frequently escaping 
as smoke, is converted into carbonic acid gas, and the 
liydrogen, combining with a less proportion of oxygen, is 
converted into vapour, 

(2) A Tigular and continuous suj^phi of air to tM furnace 
hicrms€3 its heating potvers 33^ per c&nL 

{3) Me &nppl^ of air may miter behind the ,hAdge through 
(lie bars, or through t^hefunmm dmrs, 80 loftg as it ispropeHi/ 
TegidatcfL 

(4) 77/ e supply of air must vary with the natufe of the 
coal. With light burning fuel leas air will be required than 
with caking coal, because in the latter case the charge in the 
furnace becomes a compact mass excluding the air^ whUe the 
former J eaves clear spaces between the bars for its entry, 

(5) For perfect emnbustiorh a high temperature is necessary. 
T\m f^t was ^BtabJished hy Sir Humphrey BstYy* 
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49. Speeiflc Beat, or Capacitj for Seat, !s Oie po^er of 

storing up Leat, 

50. The Calorimetei is not used to mcamire tlie tempem- 
txire of a bodj, but to ascertain the total amount of heat in 
it, or to find the specific heat. 

Two Bimikr metallic ve^els aro placed one within tlie 
other, so as to leare a space betTTc^n them. This ^spaco is 
filled with pounded ice, w hUe a dischai^pipe pix)ceeda from 
thi3 bottom of the external Tcsael to eirtj off all water that 
may be produced through the liquefaction of the ice by the 
external air, A third, and neai'ly similar vessel^ is placed 
within the second, leaving a space between it and the second 
vessel, which is also Mod with pounded ice ; a second dis- 
charge-pipe ^with a stop-cock) proceeds fmm the second 
vessel without communicating with the outside one, Each 
veRsel 19 provided with its proper cover. It is obvious that 
the iDO in the iimer epace cannot be jiflTcctcd by the tem- 
perature of the exteraal air when the calonmeter is closed 
The substance, whoso Epecific heat we wish to ascertain, is 
placed, after obseiving its temperature, within the third or 
inner vessel It is perfectly clear that any heat the body may 
contain, will communicate or lose its motion to the ice in the 
umoitd space, or the ice wHl take up the heat fitim the sub- 
stance as latent heatj and become converted into water ; this 
is then allowed to pass through the discharge-pipe leading 
from the inner vessel, aud is collected. This water will at 
aU times be proportional to the heat stored up in the givem 
Bubstance placed within the calorimeter, 

Supposing a body at 50 "^ to be placed m the calorimeter, 
and permitted to sink to 40^^^ or through 10°, if the quantity 
of ice melted bo ten grains, this would bo a grain for every 
degree. If we divide the weight of melted ice by the number 
of degrees through which the body has fdlen, we obtain the 
quantity wliich the body would melt by falling through I*', 
This quantity expresses the spcciiic beat of the body. By 
the calorimeter^ it has been ascertained that to raise the tem- 
perature of water I'^j requires tliiity times as much hejit as 
would be required to raise merciury 1*^. Or the same heat 
that would raise I lb* of water l"^, would raise the tempera- 
ture of 30 lbs, of mercury 1"^; and this is what is meant 
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wlien we say tlie specilic lieat of merciuy ia -^j^ or "03 that 
of water. Iron reqmies 3| more heat than lead to work m 
it tiie same cliange of temperatiue; practically, tliis meaos 
that lead will Leat 3| times quicker thaji iron ; at the sam© 
time it will cool very much more quickly than iron. It is 
obvious that to heat 2 lbs, of water 1^, requires twice as much 
heat as to heat 1 lb, of water l""* The i-elative quantity of 
heat nece-asaiy to produce the same change of tempemture in 
different bodies is their specific heat. We said the capacity 
for heat of water was thii'ty times that of mercuiy ; henco 
this latter substance ia so well adipted for thei-mometers; 
we see at once how sensible it must be to the least acceBsion 
or subtraction of heat- Again, tho capicity for heat of air 
at constant pressure, is about one quainter that of water, or 
more accurately '237 ^ henco 1 Ik of water, whoso specihc 
heat 13 1, on losing 1^ of heat, wdl increase the temperature 
of .^ — 4 -3 lbs, of air 1*^. But -water is 770 times heavier 
than air. Hence if we compiire volume instead of weight, a 
cubic foot of water, on losing 1 ^ of tempemtui^ej will increaso 
that of 770 X 4^2 - 3234 cubic feet of air 1*^, 

Capa.city for hejit may be defined as the quantity of heat 
necessary to raise the smiie weight of different substances 
ihi'ough the same numb&r of decrees of temperatin'e, but it 
must not be defined as the amount of heat necessaiy to I'ai^ie 
a pound weight of a given substance one degree in tem- 
perature, or else we shall confound it in the case of water 
with the unit of heat. Capacity for heat is found thus i one, 
two, three pounds, ounces, etc,, any weight may be chosen, 
of any substance, and heated so many i^ogrees, one, two, three, 
etc. (genorally heated in boiling water), and then put into 
the calorimeter, when according to the quantity of ice melted 
we have the csipacity for heat, Tho quantity each suhsttmce 
Ijqueiies is notedj the whole compared with water a^ a 
standard, and the capacity for heat determined. 

The following are the specilic heats or capacity for heat of 
a few well known subsUmoes : — 

Iron, , *1O0S 

Mercuiy, *0330 

Silver, « '0537 

Copper, * *004a 



\?]iitG marble, 


'2158 


Air, . 


. *237a 


f^ulphur, * . 


■1844 


Steam, 


, '4805 


PUtinum, 


■0.^^5 


Ice, . 


. %5a4a 


Glass^ * 


■1770 


Watei, 


, \-mR^ 
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51, CoBvectioH* — Convection is tlio transfer of lieat Ly sen- 
Biblo maHsc?s of matter from one place to another. Water 
can only be Loatetl by convection ; it is scarcely jiosaiblt^. to 
hmt it by conduction. Our rooms are vcntOatod by convec- 
tion^ ismoke uscenda tbe ebimney by the same piiiieif Je, and all 
our winda and cuiTenta, in both air and water, am caused bv 
thia convection. The wind-siiils of a ship ailbrd an instance 
in which this law of natui-o is made available for ventilation. 
K A E he a glass vessel or large Florence fhisk tilled vdth 
water, when lie at is applied at A, tie 
water near A is immediately hcjited 
and expanded, and becoming specifi- 
cally lighter nses up, and the coldsr 
water from Jibove falls down to stp- 
jily its place ; tbia continual change 
gocB on iMi long as the heat is appli?d 
at A, and in called convection. If 
a little cochineal bo placed in tlie 
water, it ^viIl sink to the bottom 
of the flaijk, and heat being applied 
aa befei-Oj the cochineal dn-ecth 
leaves the bottom, ascends up ih^ 
middle, and then deseentls by tho 
sides, returning again to the heat. 
By this simple experiment the action 
of eonvected water is made visible to the eye. 

Let D be a large test- tube tilled with w^ater, and held 
by an holder in the position indi- 
cated by tho tigure; then let heat be 
a]iplied at Dj it will be found ahnost 
impossible to heat the water in the 
test-tube, for the heated or eonvected • 
water rises peri>endiciilarly up from 
the heat, confining itself to the top 
of the tube, and scarcely any heat is 
conducted downwaixls; for, of c^^urse, 
the eonvected or light water cannot 
iim down, or inLx itself with, or 
rather communicate its motion to, the heavier water below. 
LiM'go jnmsGB oi water can only be heated by convectioUj 
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UECHAKICAL E^JmVALENT OF HEAT. 



and tliercfoTe all fiu-naoefi should bs placed as Iot^ down in 
Ike boQcra aa possible^ wIuIb beloiv- tte bare there should be 
but little if any water, 

A patent iire-door is used for boilerSi which is nothing but 
the appliciition of the principle of eonvectiou i the dooi-a itro 
BUKle with front and hack plates > and hollow witlmi. In tho 
front plate are & few openin^a from one to one and a hidf 
iiichea in tlia meter ; the back plate ia tKoronglily perfonited 
with amaller holes. The air goea in at the bottom of the fi-ont 
plate and out at the top, carrying off the heat, thus the front 
of the dot>r is never heated to redness, the current of con- 
nected air carrying off the heat. In precisely the same 
-way the funnels of ateameni are kept cool, and passed 
through the wood of tho decks, A Ciii^ing is placed entirely 
round the funnel^ passing into the engine-room, and some- 
times spreading out over the boilers, A sti'eam of ah' then 
continually runs up between the funnel and the casing; this 
ah- takes the heat out of the funnel as it passes npwaiTila, ami 
keeps it from becoming too hot* Holes are often made at 
the bottom of the ciisitig for the passage of additional air. 

52. Conversion of Heat lEto Work, and Work into Heat.^- 
A fii'e is lighted in the fnniace of a locomotive; when the ateani 
is sufficiently elastic, the train moves out of the station, the con- 
sumption of heat diives the train along; w^hen it appi'oachos; a 
st*i tion the diiver shuts off the steam and pnts on the bi^ako, 
wluch destroys the momentum of the timn, by reconverting^ it 
into heat, causing smoke and aparks to issne forth from the brake. 

A good illustration to show that heat is consumed in 
moGhanic.'d work will be found in the following \—* 

Let a large quantity of air be forced into a strong box, 
then let it cool until it is of the Bame temperature aa the 
Biin-oimding aii*, now open a hole in the box, when the air 
will violently issue forth, but intensely cold. To drive out thig 
air, force is requh^ed, or work must Ijo done ; to do this work 
no heat can be obtained from the outsidej so it consumes tho 
heat tliat it posaesses within itself, and issues foi-tli very cold, 

53 MeckaEicai Equivalent of Heat^«) Heat is motion 
— tlio motion of the ultimate particles. 

f^b) Whenever work is done, heat ia consumed in exact 
piy[)0rtion to the work done. 
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(c) TIio evolution of heat is ever in proportion to the 
mechanical energy expended. 

(d) A thermtil iinifc k the quantity of heat neceasaiy to 
raise a pound of water 1"^ C. in temperature ; this is the exact 
amoimt expended in liaising 131J2 lbs, oae foot hi^^hj or 1 lb, 
1392 feet high. 

If the thermal unit of 1° P. he vised, then tJie mechanical 
equivalent is that this heat would raise 772 lbs. one foot 
liighj or 1 lb, 772 feet high. The meclianical equivalent of 
heat has been cleterminecl hy some of the most persevering 
and exact oxpeiiments of modem science. 

Let it be supposed that a cubic foot of gas or air ig con- 
tained in a vessel^ >rith a square foot for its ba^ and fitted Avitli 
a piston of the same dimenaionft, Lind that heat is applied to 
the gas, which is at liberty to expand and drive up the piatoiir 
If the temperature of tlie gag be i-aised through 273*^ C, the 
gas will double its vohime ; axicl as the piston is one square 
foot in ai-ea^ this squai-e foot, or 144 square inches, will he 
opposed in its aacent by the pj-essin^ of the atmosphere; ojid, 
therefoi-o, wo shall have 144x15^2160 lbs. lifted one foot 
Ingh by tho act of the air doubling ita volume. This canuot 
be stated too distinctly , so it is repeated in another abape. 
When a cubic foot of air is niado to double its vohuiie by 
increasing its temperature 273^ C, it peilorma 2160 units of 
work. 

In the expcrimentj if we applied the heatj hut kept the air 
from expaadingj or compelled the volume to remain constant, 
by continually adding additional wp.ights to the piston (one 
omice for each degree), we should iind tbat when heated 
273° we had added 273 ounceSj biit that less heat was con- 
sumed iu this latter case than in the former, in the pro- 
portion of 1 ; 1421, or. 

Heat at coriRtant volume^ ' ' i 
Heat at constant preaeurej i"^2i 

"We liavo now to apply these facts to water, and to sheiar 
how the additional heat required in the one case will give 
the mechanical equivalent of heat, 

A cubic foot of air, since itg lipecific gratity la yf^j weigha 
^^% otmceB - ] ^2d ounces. 
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The capaeity for teat of aii* is "24* 

Therefore, the 213^ C of heat that wei'o applied to the air 
ynll heat l'29>e*2i--31 ounces of water through the isomo 
temperature, or '^~^ -6*2S pounds one degi-ee. 

Or, ^31 ounces of water heated 273* C, is the eame as 5 "28 
jHauTids heated I'* C. 

But this water is supposed to he heated under constant 

^K^suiu I^t us J theiiefoi'e, find w^hat quantity we should 

Plm hatl, if it had been heated by tho heat that vras consumed 

when the volume was kept conatant. It evidently follows 

fi^m the propoi-tion given above, 
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5^28 lljg, : S-72 lbs. 



SnUractmg 3'72 from 5*28 gives VBB iha.* TMs must bo 
the qxuLntity of water heated by the excess of heat between 
constiint volume and constant pressure ; and this excess of 
heat must have performed the 2160 units of ivork. 

Since the heat necessary to raise 1*55 lbs. of water l^C, 
pei^forms 2160 units of work ; therefore the heat necessary to 
raise 1 lb. of water l^C. is equiTalent to =;;; ^ 1393-5 units 
of work. 

Hence the heat nccessnry to raise 1393'5 pounds one foot 
high will rake a poimd of water one degree centigrade. This 
1393j or more precisely 1 390,* is called the mechanictil equiva* 
It^nt of heat. " Heat and mechanical energy anj mutually 
convertible ; and heat reqidi^s for its production, and produces 
by its disiippCfii'ance, mechanical energy in the lutio of 1 300 
foot pounds for every thermal tmit,"t 

It will help to a thorough conception of tho above if the 
student will endeavour, by the same com^se of reasoning, to 
flind the mechanical ef[uivalent of heat in terms Fahrenheit* 
Jle must use 490^ for 273^, and his conclusion will be that 
the heat required to i-aise a pound of water one degree 
Ji'ahrenheit will peiform 771*4 imits of work. 

Hence 772 is the mechanical ecj^uivalent of heat for each 
legree Fahi'enbeit 

• Several of theBe munhcrR are taken as if tho <3<^cimrd pkccs are 
'arked out farther thim fihown in the contexts 

t Oanot'M Phffsi&i page 411, 
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EXEIECISES CHIEFLY FROSI EXAMCTATION PAPERS. 

1. What do you understand by condadloji and convention as applied 
tolaeatdSCi?}? 

2. Wliat is meniit by tho following terms as appliecl to heat: — 
Condueltoii, conwcthn, ntdkilkm^ and capacity for heat (1865)? 

3. What do you umkrstand by the conduction of beat? Mention 
ouo or two ^ootlj moderate, and bad conductors of heat (18G9). 

4. What IS meant by capacity for heat? The capacity for heat of 
mercury is '033i bow much at tbo temperature of 1^40'' will bo sufli- 
cient to r^e 12 Iha. of water from 50' to 55" (1 667)1 

A-its. 161b«« 

5* Show how to convert degrees on a centrlgrade into degroea on 
Fahreubeit's mqsIq. 

^Vbat temperature F. corrDspond^ to IS^nSC. (1S6G)? 

Ans. G5'-3F, 

6. Show bow a tbermometer is graduated. Compare the gradua- 
tions on Fahrtinhcit'a, Kijaaniur'fl, and the centigratle scale. Itcati- 
mur's scales shows a tenipcraturc of 15°, what wdl the centigrade and 
Fahrenheit's scales resiwctively show for the same tempeTaturEa 
{ISmU Aufi. 18r<J-, IJ^rF 

7* Describe the calorimeter and Danieirs pyrometBr. For what 
piirfjosca arc thoae iiistnimtints respectively used (13GS)? 

$. A ceutigrado thermometer marks b% what will a Fahrciihcjit 
thermometer mark (1SG5)? An^. 4VF. 

9. Give a few simple exporimenta and illustrationj to show that 
b&dica expand by beat and contract by cold, 

10. Obtain a formula for determining the weigbt of water wMch 
muat be mixed with a given weight of steam, in order that the mix- 
ture may be reduced to a water of a given temperature (18GS), 

Let t = the temperature of injection water. 

i'= jf it tt the water coming from the hot well 

.'. Each unit of water is raised t' - i degrees of temperature. 
The total heat in steam is (537 "S-C-, which has to bo reduced 

, \ Units of water required = - '*' — 

Applying this formula to the next example, we have 
C37'2- r G37-2- 4BS _ . _ ^ 
t-t -48^^15J -^^l* 
that ifl, eacb nnit of steam, be it inch, foot, or pound of wat<rr con- 
verted into steam, will require 17*0 cubic inches, feet, or pounds, to 
coudctise it ; and as we have 20 lbs. in the next example, the weight 
o! eondensing water is 17 "6 x 20 ^352 lbs, 

IL WTiat weigbt of water, at OOT., must be mixed with 20 lbs* of 

iteam of one atmosphere in order to prmlucc water at 120''F. (ISCiS)? 

Ans. 17 '0 lbs. for each pound of steam- 



EXERCISES. 45 

12. Wliat is meant by capacity for heat ? Show how to calcnlate 
the temperature of a mixture of two substances whose temperatures 
and capacities for heat are given. 1 lb. of copper (capacity for heat 
*095) at the temperature 62^ is mixed with 2 lbs. of water (capacity 
for heat 1) at temperature 00% what is the common temperature of 
the mixture (1866) ? 

Let w be the weight of one body, ^ its temperature, and c its 
capacity for heat. 

Let v/ be the weight of the second body, tf" its temperature, and 
e' its capacity for heat. 

Now since the capacity for heat of a body may be taken as the 
amount of heat required to increase the temperature of a given weight 
one degree 

• *. K7 c represents to raised one degree. 
.'. wet"* „ w „ t degrees, 
alsott/c'i'** „ to* „ f „ 
OTWct and i/ c' t"* represent the total heat in w and «/. 
Let z bo the temperature of the mixture of the bodies w c and v/ c\ 
.*. w c t+v/ & f = x{w c+vf e') 

.-. X = ^^i^^JJ . ... (1) 

VHt-rWX W <-» 

siniaarlyc'zr^,.^^ - - - (3) 
Vi V — X 
Substituting in equation (1) we can solve the question thus : 
jg_. 1 X -OOSx (520'^-32°) + 2x 1 x (60°-32^) 
Ix 095+2x1 
_ -095x488+2x28 102'36 ,^ 

•095+2 - 2095-^'^ 

.-. Aim. = 48-85 + 32=80''S5r. 
Or we might have reasoned thus : 

Let 2= common temperature of the mixture. 
Copper is depressed (520 - a:)** 
Water is raised {x - 60)** 

Lba. Sp. n. of Water. Sp. IT of Cop, 

.-. (520 -x) : 2 (aj - 60) : : 1 : '005 
.-. 2 a- 120 = 49-4- 095 a; 
.-. 2095 a; = 1694 
.-. a; = 80'"85F. 
The answer in the centigrade scale would be 
_ lx 095x271^+2x1x15^ 
1x095 + 2x1 
- ^^11- = 27° 140. 
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13. Show how to craduale a thermometer. Why is it necessary 
to taJ^e the height of the barometer into account in determining the 
boiling temperature (1866)? 

14. Give your reasons for concluding that heat and work are con- 
vertible, the one into the other. Describe an experiment by means 
of which the mechanical equivalent of heat may be ascertained, and 
state its numerical value — (Honours, 1869). 

15. What is the great exception to the universal law of expansion 
by heat and contraction by cold? Can you give any other exception? 

16. Explain what is meant by the co-efficienb of expansion, and show 
the enormous power of expansion and contraction by a few iUua- 
trations. 

17. What do you mean by the molecular forces, and what are 
their names? 

18. How do radiation and absorption aflfect the steam-engine and 
its working? State clearly what you mean by the reciprocity of 
radiation and absorption. 

19. What are the laws of friction? Give a few simple illustrations. 

20. What are the instruments employed to measure temperature? 
Upon what principle are they all constructed? 

21. What facts nave been proved by the use of Mr Houldsworth's 
pyrometer ? Give a description of it. 

22. Explain the term cushioning, and clearance (1866 and 1868). 




Savftiy's—Newccunen^s— Wattes—Cylinder and Crimk— Single wid 
Double Acting En^es — CleaiUTice — Cuali joning — Galvatiid 
Action — Beam Engines — Piiralld Motion^Guidea^GoTemor — 
Tlirottla Valve — Catarnct — Eccentrics — Expansion Gear. 

54, (1) Savary'S Engine. — Savriry's was the first steam 
enpfine employed to piunp wateiv He took out Iiia patent in 
1698. His engine consisted of a cylinder^ in ^vhicli steam vm.H 
employed to praduoe a vacumn only, after wliieli he relied 
upon the pressm-e of the atmosphere to raise the water. At 
the top of hia cylinder were tt^o openings, each fitted with a 
pij^ and a stop-cock. These were so aiTimged that the 
same handle opened one stop-cock and shut the other simulta- 
Beously, One pipe communicated with a boiler and admitted 
gteam to the cylinder, the other with a cigtern and admitted 
cold water to the cylinder. From tlie bottom of tho cylinder 
a pipe led down to the water. It acted thuFj : Supj>os0 tho 
handle of tlie stop-cock movefl, and atcam admitted to th© 
cylinderj the instant it was full the handle was pushed back, 
and a dash of water fi-om the otlier cock condensed the st^im 
and foiTOed a vacuum ; then tlio pressui-o of the air on the 
water at the bottom of the mine forced the water up into 
the cylinder, wlucli was prevented fi'om i-eturning by a valve 
opening upwai*ds ; on a second admission of steam, its elastic 
force acting on the water drove it throngh a valve in the side 
of the cylinder opening outwards ; this steam was again con- 
densed as befoi-e, etc. We thus see the principle upon which 
it acted. The water was first forced by atmoapheric pressm^e 
into a vacnum, after which the elasticity of the steam pi-essing 
upon its surface was made to raise it atili UlgWet te^ax^^ 
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anotlier passage. The inefScicncj of tHs macliine la apparent 
Its defects were : that steam was used in a cold cylinder ; tiiat 
the steam wits always in contact with, cold water; and, there- 
fore, the gi^ater pmi; of it "svas b^ ; that the engine was 
limited in its ninge and puq-iose ; that it nmst be always far 
down in the mine fi-oni whicli the water waa raised, 

55, (2) Newcomen^fl Engine. — Thomaa Newcomen was a 
DevonsLirB nian^ and the first to wort out the idea of a piston 
(at Icsaat in England). His engine was nsed for pinnping. 
In fact, the oue idea of the eai-lj lahoixrers at the steam 
engine %vaa to adapt it^ or to invent a machine, to pump 
water out of the Cornish mines. 

Neweonicn placed his cylinder immediately above lib boiler^ 
from which steam passed directly tlo-ough a stop-cock. As 
Boon as the piston was at the top of its strokcj a couk wua 
opened and cold water admitted into the cylinder to condense 
the steam j a vacuum being thus obtained, the pressure of th© 
air, 15 Wm. on the square inch, immediately drove dowm the 
piston, which was attached by a chain to the end of a Hway 
beam moving on its centra. The piston being th^is forceil 
down by atmospheric pressui-c pulled up the other end of the 
beam at the same tiniOj and wdth it the piirap-i-ods, water, 
etc. When fresh steam was admitted it forced up the piston 
against the atmosphere, ivhilo the weight of the yiump-rods, 
etc., at the other end assisted the steam. The weight of tbe 
piunp-i-ods, etc-, was generally made equal to Iialf the pressura 
of the air on the piston. This engine i-aisetl 7 or 8 lbs. for 
each Bcpiai-e inch of the piston, l^owcomen^s was a muffle 
acting engine^ because the steam acted on one side of the 
piston only* 

Newcomen'a engine is represented in the fio^^re on the oppo- 
site page, AP is the ashpit, FP the fireplace, B the boiler, SG 
a stop-cock to admit the steam into the cylinder H from tbe 
boiler B, The cylinder was bored as truly as possible, open at 
the top and closed at the bottom, being connected with the 
boiler by a slim*t pipe containing the steam-cock. A piston ^> 
wa^ made to move up and down in the cylinderj as air-tight as 
practicjiblo, by packing its edges with hemp and covering the 
nppcr surface with water. Tiie piston rod r was attached hj 
3 i^jMn £? to the circular arc c c?, forming the end of the beam 
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ede, wJdcJh was now for the first time introduced. The beam, 
working on its centre C, was framed of strong timbers 




KEWCOMEN'3 ENGINE. 

firmly put together and strengthened by iron bars and stmps. 
The whole beam was supported on a strong brick wall, B \V. 
To the chain e attached to the other arc was fastened the rod 
pr oi the pump to be worked in the mine. The power of 
tho engine was in the dovm stroke. The pump-rod was 
made heavy enough to act as a counterpoise by attaching 
weights g to it, so that it was heavier than the piston, piston- 
rod, friction, etc. "When the cock S C was opened and air 
admitted, it would rise freely without violently jerking out 
the piston p, A safety valve was placed on the top of the 
boiler. The manner in which the engine worked was as 
follows : — 

The boiler B was filled with a proper quantity of water, 
and the steam " got up " to a pressure a little above that of 
tho atmosphere. The cock S C was opened (supposing the 
piston at the bottom of the cylinder), and the steam entered 
the cylinder, when tho piston ascended partly through the 
force of the steam^ hut chioHv in obedience to ttie> co\3ai\«t- 
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poising weights g. JxiSft "befom the piston readied tlie 
top of the cylinder tho Bteam-cock was eliiit and another 
cock o was opened, whicli allowed water from the cistern S 
to flow through the pii>o m and condense tlie steum in the 
cylinder, producing a vacuiun, when the prcaaure of the 
external aii% acting on the top of the piston, caused it to 
descead with a foi-ee proiKn-tionate to its area; and as this 
force aniount3 to nearly 15 lbs. on the aupei'ficial inch, it 
was fully competent to mise the end of the Ueaui e, and 
with it the pump-i-ods and water. We thus see that the real 
work was done by the atniosjjhere, and why it was called an 
atmospheric engine. 

Oiiginally it was much less perfect than hci^e described, 
for the condensation was in tho hrst instimco perfoi-med from 
the outside of the cylinder. Tho admission of water iato the 
cylinder to condense the steam was disco%'ered accidentaDy, 
thiTtugh some holes weai'ing in the piston of an engine whicii 
peiTuitted tlie water placed npon it to keep it aii^-tight to nm 
thi'ough and condense the steam, although we must remember 
Savary had introduced steam into his cylinder and condensed 
it in t/is cylmder. The gi-eat difficulty of opening the cocks 
at tho pi-oper moraent was conquered by Humphrey Potter,* 
who attiuiheil some strings and Pitches to the cocks of an 
engine he was employed to work at Wolverhampton, in order 
to release himself from the trouble of attending them ; Ma 
contrivance gave the iii^st idea of ^' hand gear," The greatest 
nicety and attention on tho part of the workman was necessary 
in turning the two cocks at tho proper moment ; for if steam 
wena permitted to enter the cylinder for too gi^eat a length of 
time, the pi^ston would he carried out of it or blown out of its 
place ; while, on the contrary, if not opened soon enotigh, it 
would strike against the bottom with sufflcient force to brmk 
the cylinder. The steam was liable to become mixed with 
air, which was disengaged £rom the injection water. This 
airj together with the injection water, was disehai^d by 
a pipe n into the cistern s\ The pipe m- terminated ia 
a valve to prcsei-YO the vajcutmi^ which valve, £i*om the 
peculiar noise it made was called the miifiing vcdm or m^y"^ 
ing clack* 

• MiHingtou'e MecJiimml PUhiophj^ 
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Mr, Hemy Bcighton, of Jfcwcastlo-upon-Tyne, effected 
moiit important improvementa in Newcoiiien^s engine, by 
using wliafc he called a **plug tree" for admitting and shutting 
off the steani, by intixxlucing a small force pump to feed the 
hoOer^ and otherwise giving a better arrangement to the 
working parts. In faet, the machine \ra^ frequentlj known 
as Beiglifcon^s Fire Engine. 

It woa an atmospheric mifflrie^ beeaixse it depended upon 
the presaure of the atmosphere to perfoim the down stroke — 
in fact, to do the chief pait of the work. 

Its great disadvantage was that tlie cylinder was at one 
time required to be hot and at auotlier cold ; that the fi^sh 
fitcam entei-ed a cold, wet cylinder whose tempenitiu^ 
had jnst been reduced, thei-eby losing thrcd-quarters of ita 
power, 

56. {3) Watt's EngineB. — Watt, having the model of an 
atmospheric engine, 
siich as we have just 
described, to repair, 
asked himself the 
question^ whether it 
were not possible to 
prevent the wasteful 
expenditni'C of steam. 
He saw intuitively 
the gi-eat defect of the 
engine, and set himself 
to solve the problem 
of a separate condens- 
er In this ho com- 
pletely succeeded, and 
never left the steam 
engine until it was 

comparatively a peHect machine. The above figtiro is a 
fair repi'esentation of the gr^at improvements he introduced. 

A B is a large castingt within which is placed the eondeuser 
C, the air pump AP, and the hot well HW. Y is the piston 
or bucket of the air pump, with its two valvea shut down, but 
shown by dotted lines as they will appear w-hen the piston 
V ia descending. E P is the exhaust pipe^ to c^ictx^^ ^^ 
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iised steam from the cylii^der into the condeaBer 0. C W ia 
a pipe bringing cold water from tke pvunpj v tlie foot valve, 
v' the delivery valve, W WWW is water smroundin^ 
the condenser and air pump, to keep the condenser cold, 

Liet us suppose that the steam havitig been used comes 
from the cylinder, throiigli the exhaust pipe E P. Tho 
moment it enters the condenser, it 13 met by a seattei-ed jet 
of cold water from the i\>.sa head c, and is condenseirL Tlie 
condensed steam and waterfall to the bottom of the condenser, 
and pass or ai-e drawn through the foot valvo i*. Then 
tho piston or bucket Y of tko air pump cojiics down into the 
water; the pressure of water opens tho two butterfly valves, 
and the water piissea thi^ough the valves and so gets above 
the piston. When the piston is drawn np the two valves 
are closed by tho weight of the water above them, which is 
nert forced or delivered iiito the hot well H W, through tho 
delivery ^-^alve v\ from wlieuce i>ai-t of it is pnmped into the 
boiler thi^ugh d, a pai-t of the feed pump. As the air pump 
ascends a varuum is formed in A P, at least as good a vacnnm 
as exLsts in the condenser C, so tlmt the condensing water 
passes by gi-avity, etc., through tho foot valve Vj or *' follows 
the hneket." Ah the air pump descends we see v must clost?, 
so must V ; on the contraiyj as it ascends both delivery and 
foot valvG will open. 

All water coiitjiins air nioi-e or less, Tlie !>Dat of the 
steam disengages the air from the condensing water, which 
would rise through the exhaust pipe, and prevent the proper 
escape of steam, besides counteractiug its pi-essure if not got 
lid of. The air pump was, therefore, added by Watt to Lis 
invention of the condenser, to prevent air irom accmnuJatLog 
and ob.structing the engine. Hence its name, air punip, its 
office being not only to pump out tho condensing water, but 
to keep the condenser fme from nir. 

67. Cylinder and Craak, — Tlie Figure on opposite page 
is a representation of a cylinder Mith a locomotive or thi-ee- 
]jortetl slide* Cylindei'S ai'C constructed of cast iron and 
l>ored with the nicest pi-ecision. They must be pei-fect cylin- 
der's, the s^ime diameter liom end to end. 

A B is the cylinder, P tho piston, and P Pt the piston rod* 
(71^ tlio Qiimk* and E a, section of tUe tu\xui shaft turned by 
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the crajik and eoBnocting rod G E. Bb m tlie stuffing bo3£, 

and g d the gland. 1 1 is the 

slide, and r tlie slide rod by 

Ti^liich tlie engm© moves tho 

slide up and down. S is tho 

end of the steam pipe which 

bringB the steam fi-om tho 

l>oilor to the cylinder, a is 

the upper port, c the lower 

port, e is the exhaust poi*t 

bj which the stofim esciij>ea 

fi-om the cylinder to the con- 

denser after it has done its 

work. 

58, How the En^iES is 
Worked, — ^Suppose the slide 
L^ in the jxiaition shown in 
the figure^ and that stparii 
fills the valye chamber Y V, 
through tho steam pipe S. 
Kow, it cannot jwiss the back 
of the slide into the upper 
port a^ because the shde is 
covering it over ; neithei-, for 
the same reason, can it pa.ss 
to the exliauat e ; hut it can 
pass into the lower port c in. 
tho direction of the arrowa 
and drive up tho piston P, 
whUo, as the piston goes up 
the steam that drove it down 
and tilled tho cylinder on tho 
upper aido above the piston, 
is eseapiug freely tluNDUgh a^ 
in the directioti of the arixiwa, 
and passing off to the condenser tliroujOfh e the exhaust port. 

When the piston has arrived at the upper end of tho 
cyUiider, or at the top of its stroke, the slide 1 1 kis moved 
down lower, so that the lower poi-t c is cloaed against tho 
admksion of ataauij and the upper one a opened , Ij^saY^lot^^ 
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steam will enter tLe tipper port and escape at the lower, in 
a coatmiy dii-ection to the auTOWS^ th.Q piston, i-etm'ning to 
the hottom of the cylinder, 

59. Watt's Single Acting Engine, — In this engin© 
A B 13 the cylinder^ P the piston, P R the piston i-od, S 
the steam pipe^ D leads to the exhaust^ ft 6 e ai-e three yalvea 
on one spindle, a is the steajn. or throttle vaJyej 6 the cq^ui- 
libriiim, and c tke exhaust or eduction valve. 

The following h an explanation of the action of this 
engine : — Steam comes along 
the steam pipe S from tlie boileiv 
when the valves a h Cj being in 
the position shown in the figure, 
with a and c open and b closed, 
tho steam enters the cylinder 
A E in the direction marked by 
tho arrows Avith tailsj and di-ivea 
the piston down, causing the 
pnmp valves at the other end to 
ascend. Steam that may have 
been imder the piston in E can 
freely pass away to the exhaust 
B. Tlie moment the piston ia 
at the bottom of ita stroke the 
valves move to their second po- 
sition, so that a and c I'est on 
their seats Oj while b ia opened. 
TkuSj the steam that drove the 
piston do'^vii can n.m tlirouiflL 
valve bj in the direction shown 
by the aiTOWS without tails, get under tJie piston P^ and 
aEisiat in driving it iip. The pimip-rods at the other end 
ai-e balanced hy a counterweight to assist this expanding 
steam* The action ia then continuously repeated ; a and c 
open, eteam enters through a, drives down P, and the steam 
under P escapes tJi rough c^ then a and c are closed, and 
steam nms round through b, to assist the ujiward motion of 
the piston, 

60. Double Acting Engines. — When" eteam diives the 
piston hotk up and do^Tii the engine is texined double acting. 
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All our modem engmea m*e double ncting ; but Nowcomen^s 
was ftn atmospheric and single acting engine^ the piston being 
driven tip by steaei bnt do^^n by atmospheiic pressure, 
Wafct*s first engine was single acting ; the steam dj-ove the 
piston down, while tlie weight of the rods, etc., at the other 
end of the beam bi-oiiglit it up, 

61. Clearance.^When a piston makes its stroke it is not 
allowed to touch the top and bottom of the cylinder for fear 
of knocking them ofi* 

The space between the top and bottom of the cylinder and 
the piston, when the latter is at the end of its sti'oke, is the 
ciearattce, 

Agaua, the term charance sometimes ineludes the capacity 
of the ports, passages, etc., with which the clearance proper 
is in commimication. Cleaiunce is always accompanied by a 
certain amount of losSj an average proportion of the steam , 
pressure which varies with the amount of expansion ; or, the 
loss occasioned by clearance is decreassd by aa inc'rease in the 
degree of expansion, 

63* Cushioning. — ^When the steam is shut in before the 
end of the stroke, the piston acts against it i^ against a 
cushion^ and so is brought gradually {comparatively spaddng) 
to i^est. Suppose the piston is in the position A B when the 
Eteam is shut in, and that from A to C is 
1 2 inches. Let us also suppose that the 
elastic foi-ce of the steam remaining be- 
Mnd is 2 lbs., when the piston gets to 
D, 6 inches down, by MaiTiotte's law, its 
elastic force Avill be 4 lbs, ; when at E, 
inches down, it will be 8 lbs., etc. 
So we see at once the effects and advan- 
tages of cushioning, and that it must bring 
the piston gi'adually to rest, by desti'oying 
its momentum. 

63. The Piston, and how Fitted— Packing, etc.—Aa 
the piston m a most important part of the engine, great care 
and thought have been bestowetl upon it. It must bo per- 
fectly steam tight, and, at the same time, it is required to 
move easily witlun the cyluidcr, A cylindiical piece of iron 
Is chosen and turned about a quarter of an in^h smsiller ia tk^ 



diameter tliim tlie "bora of tho cyliiiderj and around it is cut a 
deep groove square in Esoction j into this is fitted a metallic ring 
of brasa or steely but generally cast iron; thii ling cither ilta 
steam tight agtiinst the cyhndcr by its ov/n elasticity, or l^ 
forced against it by fii>ringa or compressed air. Formerly 
*' packing '* waa much used, ^vhen some rope yai*n was platted 
the exiict siz<3 of the square gi'oove, the preciao length T^^as 
cut off, and tho ends neatly a^\vn together — care bchig taken 
that no tumf! were left hi the yam. The Tvhole Avas well 
greased l:>efoi'o it was fitted in. Metidlic piston rings are 
now most in f:\sbion, ike piston being composed of two 
distinct i>a.rta, the piston proper and the junk ring. The 
junk ring ia bolted on to thti piston by bolts tiippcd into the 
]>ifiton and heada recessed into tho junk ring. A metid ring 
ia next tiinied exactly the siKC of the cylinder, and then cut, 
when eut we know snch a ring will develop its elastictiy, and 
tome foi-ce w^ill be required to place the cnda in contact agi\in. 
It thus forms a poweiful springs and is placed between tho 
junk ring and the piston, whei^ a jdace has been left for it. 
The piston is now complete, and the epi'iDg or metal ring 
being compressed into its proper position, the Tirhole is placed 
witliin tho cylinder^ form Lag a very steam tight easy piston. 

Pistons are seldom packed now, but the air pnrap bucket 
is ; because packing is cheaper, and also bccanse in tkb case 
it answers better, for a large amount of galvanic action seta 
ill and eats away the piston of the air pump. 

61 Galvanic Action and Oxidation of Metals.— Metala 
are anl>ject to two kinds of deterioration— galvanic action 
and oxidation. When two tliSerent metals come m contact, 
especially if they are constantly w-et, a galvanic action sets in 
between the twoj and one destroys the other. For instance, 
who has not observed that old ii-on railuigs are frequently 
Wiistcd away towiutls tho bottom, close against the lead that 
fastens tbeni into the stone ? The reason is, that a galvanic 
current paasea from one to tho other, and the soft lead wastes 
away tho laird iron* If we take, in the following onler, 
sdver^ copper, tin, lead, iion, and zinc, we have them in 
their relative positions as regai-ds galvanic action^ and the 
fai-ther they ai-e from one another in this list the greater the 
fifibots of ifalvanie action* Those coming first in order will 
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destroy anj tliat follow tliem. Copper, wlien in contact ynih 
tin, leatl, ii'on^ zinc, etc., will wiiate thom away, but not 
fitlvor — the silver will eat a way tlie coppOFj tin, leadj etc. 
WTien coppw pipes arc fastened by iron bolts or screws^ the 
iron m eoon destroyed, especia-lly in damp situations. 

Oxidatimt is a eheiuic*U action. "When iron riiyte wc havo 
an instance of oxidation, Tim oxygen of the air combines 
^4 til the ii-on and foims oxide of ii'on (or nist). When tbo 
oxygen of the air combines with copjicr wo hay© oxide of 
copper, or verdigi^is. 

Two other facta wMah ai^e closely allied to oxidation and 
galvanic action may be stated^ namely :— when superheated 
steam is employed in jacketed cylinders, and much tallow 
introduced J it is found that the tallow is decomposed, and 
carhonims the piston, so tliat it bccorara more like a pioco 
of plumbago than any tiling else. Cast iron long immorsed 
in sea water may be cut with a knife. 

65. Stuffing^ Boxes aad Glands. — These are used in 
several parts of an en;^ne. A good example may be seen in 
the fig. in par. 53, p. 53. The piston rod cntei-s the cylinder 
thi-oiigh the stufhn^ box s h ; while the packing, the 2>arfc 
Marked so dark within the stuffing box, is pressed down in 
its place by the gland g d ; bolts paiia through the tlanges 
of l)oth, so that when the steam lei^ka througli the cover by 
the side of the piston rod, wc have only to screw the gland 
down on to the packijig and the leak is stopped by the 
picking being forced agninst the piston rod A depression 
will be seen i-ound the top of the gland close to the piston 
ro:l, it is to hold oil or taUow to lubricate the piston rod, 

6S. (4) Beam Engiaes. — Newcomen's was a beam engine 
and so was Watt's, but the latter was far more perfect ^ than 
the former. The cmnk was not patented in time by Watt, 
he therefore nsdd the sim and planet wheel for a cmii:. The 

• KotwitljstanfUng tlie variety of fonna into wliich it hos been 
moukledj the steam engine is stdU the same machine in all its sim- 
piictty of principle as when it came from tlie hand of Watt ; it has 
t^ juimt rQCiprucatiTJg actio a, the eiune principles of separata condcn* 
iiVtimi, and the same iiiecliaiiical organi nation aa it harl 80 yoara ago. 
What can exoecd in beauty of coiitrivauco tho parallel motitin, tbo 
governor, flijti other motions by which this wonderful macliino is 
readarod effisctive. Ituiumerabk attempts kayij h&^iL isi^l^ ^ \^ 



beam iraa so adTantageotia and so thoroughly mcorpoi'ai 
in ihe steam enginej that to early engineers it seemed an 
inseparable pai-t of it as much iia the cylinder and piston, 
therefore when it ca,me to be adapted to mai'ine propulsion, 
the side lever was the only modLficntion that presented itself. 
The great advantage of the beam, engine ia that to the parts 
requii'tng it, it gives a longer lovemgc^ and therefoixs greater 
power ; a long connecting rod is employed, and tltus an im- 
mense advantage is gained. Again^ a fly-wheel was used with 
it to accumidate power. 

A B is the beam mo%4ng on its main centre C, supported by 
a frame and Pinal's, of which G D ia a front one j B E is 
the pvstoTh rod working in and out of the sttfjmg box », at the 
top of the cfjUnder E F ; G H is the air pump rod ; H 
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t air pump within the condemer H K (only paH of which 
f diowu) J L M is the feed pump 7'od; M the feed pump^ 
into which the pliuiger is seen descending- N O is tltcpumpia 
force \ip water for condensation; A E is the connecting rod*, 

improvement, and yet with the exception of worldng high pTessura 
steam expansively, and by this means economi^ia^ int\ there Has 
been no change in the x^rinciple of the steam eng;inei either in iti 
condcnsmg t>r non-eondenaijig form. It is still the engine of W*tt j 
his name ia statiipod as indelibly npon it as Xewton*s npon the l»w 
of gravitation. — Fairbaim's U^fful InfonTiatlon for EitfjintcrSj Seocaid 



US tlic cmiit ; S tlie main shaft, on which m fimily fixed the 
fy w^ted T V_ The two tlotted cii-cles i-ej_>re3«?nt geaiing. 

The above ai^e the essential parts of the engine, each of 
wiiicli shall be desciihed in detiiil as fai* 113 necessaiy. The 
other parts are the ffovc7^no}% to open and shut the throttle 
volm in tho steam ptpe, the slide and slide casing, the starting 
gear, the |3arallel motion, the eccentric, etc, 

67* (1) The Bbbjd. is a leyer of the first kind, and needs 
no description after an examination of the figure. Tho 
jMjwer is conveyed into the cylinder wMch moves the pistoWj 
the weight is the force conveyed by the cr^mk, the fidcrmu 
is the main centre, 

68. {'2} The piston, the cylinder, i\m air pump, condenserj 
and stnffini^ box, have been ali'eady described- 

69. (3) The Feed Pump is an ordinary foi-ce pump with a 
plunger to force the water into the boiloiv 

A is a solid phmger j % v^ and 
if are three valves ; b 'i/' w tiie 
pipe that brings the water to the 
feed pump; c o carries away the 
waste; C c leads to the hoiler, 
while c is a cock to shut off the 
feed from the hoilexv 

It acta thus : jet us suppose 
the plmiger ia raised np, then a 
vacuum is left iu the valve box 
t dy thei'^fore water dses tlu-ough 
the auction valve v'\ Let 113 
suppose c d \^ filled J then the 
descent of the plunger will force the -water throngli the de- 
livery valve t? and up the feed pipe G c to the boiler. But 
suppose the cock c shoidd be cloaedj then the great pressure 
of water will force back the strong spiing and open the valve 
v% so that the water can pass down the waste wattir pipe t o. 
Sometimes instead of this ai'^i-angement for the waate water, 
the pump rod ia disconnectetl when no feed is wanted j and 
thus the x^ower nece^ssaiy to work the [Jump is saved ; or the 
water it* tuiiied olf before it i^eaches the fc3cil valve box, and 
ilie pumjj wastes its strength in lifting air, 

70. (4) Tlie Pump jus an ordinaiy pvmip foT imiiv^^^^t. 




I^EEP PUMP. 



71. (5) The Connecting Eod and Crank hm& been already 
partially desciilH^d, ITiey are used for converting a mctiliiicar 
into a cbxjular motion. Tho connecting rod should lie as long 
as possible ; it is gcncmOj from, throo and a half to four times 
the length of tlie stroke, but when cramped for room or 
othonvise, a much shorter rod is made sufficient. The longer 
the connecting rod the gi'eater its ad\ antage* It haa more 
leverage, and therefore does more work. A short connecting 
rod gives ranch presaure upon the slides and a gi'eat stx'ain on 
the crank and crank-pin, bnt with a long connecting rod thia 
pressure and strain aro avoided. With a short connecting 
rod it is difficidt to properly adjust the cut off. 

72. (6) The Short and hong Connecting Eod.— That is 
the best engine for its purpose, whatever that pm^pose may be, 
that with a given total length possesses the longest connecting 
I'od. Maiine engines ft^equently have the disadvantage of a 
Ehort connecting rod ; it is a main condition v^ath a marine 
engine that it shonhl occu}>y bnt little space, whilG its 
momentum cannot be stored np in a fly-wheeh The dis- 
advantages that a marine engine labono \mder fi-om having 
a shm-t connecting rod ai^ four : — 

(a) The friction ia incrciised on the guide pieces, 

(b) Tlie friction ia inci-eased on the cmnk shaft be^irmgs, 
for at one time the crank thinists the shaft do^vn wards and at 
another pulls it npwai-ds. 

(c) Tlie friction or strain is gi-oatly increased on the joint 
pin between the connecting rod and piston, 

(d) Tho steam is admitted into cylLudera in such a man- 
ner, that two violent untial pressures constantly ajid rapidly 
succeed each other, consequently an irregulaiity of motion is 
produced. 

73. (7) Fly Wheel.— The fly wheel is an accunndator of 
power, and assists the crank over tho " dead centimes." When 
the ci-ank and connecting rod are in one straight line, as thoy 
must be twice in each revolution, the crank is said to be on 
its dead centre^ because there the force of the piston is dead 
or ineffective. It is evident that when the eraidi is at right 
angles to the connecting i^odj that the Litter has most power 
on the fonner, but when the top or bottom dead centre is 

rG^hched there ia no reason why it should not remain there ; 
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but the action of the Ry wheel then sliowg itself, for haYing 
on it a certain accmunlated velocity, it cannot stop bnt goes 
forwurxl, carrying with it the crank o\'^er the tleaid ceutre. We 
thua have through the moineutum of the % i^ heel no per- 
ceptible variation ia the velocity of the engiue, hut the 
unequal leverage of the connecting rotl is coiTected, prodtiemg 
a att^aAly and unitbrm motion* The fly wheel, it must be 
i-ememhei^d^ is a rcfjulator aud reservoir and not a ci-cator of 
motion, and wlien no fly wheels are used, aa in marine cn^duc^, 
we muat recollect that soiootlmesa of niotion is not an absolute 
requisite, and that tlio momentum of the engines themselves 
carries the ciuiiks over the dead centrea; but far more 
generally a pan- of engines work aide by side, whose cranks 
are at different aiif^^Ies, so that one asaiata the other at the 
critical moment. The accnmulated veloeity in the fly wheel, 
whore the motion ia rer|nii'ed to bo excessively equable, 
should be six times that of the engine when the cmulc ia 
horizontal. The ofliciency of the fly wheel in producing 
uniformity of velocity is materially modifle<l by the motion 
of the machinery which tho engine is requii*ed to drive, and 
regalarity of motion ia of much greater importance in Komo 
cases than in othei^, so that in proportioning a fly v^heel to a 
given engine, attention muat be paid to nifiny jiaiticidar 
circumstances which caimot be given in a gene ml rule. 

74. (8) The Parallel Motion- — AJthough the parallel 
motion hiis been alniost superseded by simpler pieces of 
mechanism, such fis gtiides, quite as eflicient, yet a descrip- 
tion cannot be wholly omitted. 

If the end of the piston i-od g had been connected to the end 
of tho bcam^ the pUton rod would have been bent alternately 
to Hght and left as tho beam rose and fcUj and a contiiuial 
jai-ring would bo going on, constantly destroying the stuliing 
box, and rendering the cylinder leaky* 

Let tis suppose that the simple hues in the adjoining figure 
Tppi'eaent the parallel motioUj C h is lialf the beam, h ij is the 
mam linkj c d the i-odius bar or bridle rod. As h moves up 
aiid down it describes an arc of a circle, with its convexity to 
ttie left. New c ^, the radius bar, moves on its fixed centre c^ 
consequently the point d will describe an ai-c with coiwe'jdt^ 
to tho right; so % t]u'o^ya ^ /4 to the loft, and c d l\iio^a d e 



and with it g h to the nglit, Xliei^efore it ia eviaent tliat if 
tliese links and rod be propoj-tionately adjusted, we shall 

havo an aimnge- 
ment that ^vill eona- 
pel the point g, and 
with it the wiiol© 
piston itxl, to move 
exactly pei-pendicn- 
lariy. To accom- 
plish this there are 
jomt3 at g and d. 
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To find the proper length of the biidle rod, 

Pmde C A ia e 80 that 

Ce : cd : : do : oe 

where o ia the point to which the oir pump rod ia attached^ 

gdoThftCeitdo-.oe 
, ". he t C e : : Cf. :cd 

The parallel motion will work most accurately when the 
radius iml f iom *r to ^ la about the same length as tlie heam 
from C to A, they should therefom be kept as neaiOy equal 
aa circumstances ^ill permit* 




75- Guides*— Tbe parallelism of the piston red ia pre* 
served very frequently now by the \ise of guides. The above 
tigiire will at once give an idea of what a guide is. P ia the 
cylinder, the dotted lines show the piston and piston rod con- 
tinued to the cross head eh; C r is the connecting rod^ and r g 
ihe cnmk; the main shaft is s\ the croEB heeud c h slides be- 
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tween the bars a h and e/, T^Iiicjh guide the pistoa roti jmralleL 
Instances of the same are seen in various figures following. 

76. The Governor.— Tko govemor consiata of two balls, 
A and B, fixed on the enda of two anna and so arranged that 
they can freely revolve round the spindle D. Motion is 
imparted to the ballg either by a pulley which is driven by a 
coi^ passing over another pulley on the main shail by the side 
of the fly wheel, or else by a pair of bevel wheels placed im- 
naediately below D* 
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When at rest the balls will remain close to the govemor 
spindle^ as in the figure, bnt when in motion the faster it 
moves the farther the balls will flj asunder by centrifugal 
force. Aa they aeparate, the arms A C and B G wiU exteiid 
out wards, and will bring up with them the short arms G H 
and E F, which will move up the collars I L, when the arm 
M N will pull point N to the left ; P is a fixed joint and 
P Q IB firmly attached to P N, so that point Q will be lifted 
tip and close the throttle valve Y m the steam pipe S, by 
means of two m*msj one of wJiich^ Q Vj is Bho^m vo. ^ ^%. 
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moTing the valve on itiS spindle. Tliua, tLe faster or slower 
tlie maia shaft moves, the faster or slower will the governor 
Diove and close or open the tliiiottle val%"e and ifgulate the 
Bupply of steaiaj so thi.it the engine may always bo moving at 
the same velocity. In flymg outwai-ds, the balls attiiin a 
certain vertical height. How to find thia height, and the 
length of the pcndulniii, i^ shown in the miscellanooua 
examples at the tnd. The weight of the biills does not 
affect the action of the governor at all, for if a heavy ball 
increases the centripetal foi-ce, it alao increases the eentri- 
fagal in the sam9 ratio. It is called the conical pendiilnm, 
or pendulum governor, because its motions are i^galated 
by the same lav^a as thosa which i-egulato the ordinary 
pendulimi. 

77* (9) Throttle Valve. ^From the last figure a good 
idea can he obtiiincd of the throttle valve. It ie a circular 
or filliptical pl:ite moving on a spindle. Its of>eniijgj as 
regulated by the goveiTior, detenninea the volume of fcteani 
that .shall pass to the cylinder. 

78. Governors, — A good governor must he entii-ely aelf- 
adjuHting, and require no aid from the engineer. It must 
aliio regulate the Bn]>]ily of stciini to the valves, ko as to keep 
np a uniform velocity in the delivci-er of work. When a 
water-mill and engine are combined to diive a millj wc have 
a test that will try the efficiency of a governor more than 
any other. The firjt thing in the moiTujigj when the water 
is peiiiaps on a level with or iTinning over the weh% let U3 
H suppose the water does eight parts of the woik and the 
^^M engine two. As the water is used and lowered behind tlio 
^^ dam, more work is gi'aduallj throvsTi on to the engine, so 
I that towiuxls the end of the day, tlie engine may perhaps be 

I doing the eight parts and the water only two. The governor 

I during all this giiixlation of change should be so capable of 

I actings that when the water-wheel loses its force, that of tlie 

I engine aliould inci*ease in the same ratio, and keep the mill 

I moving at a uniform velocity. To effect this, the govenaor, 

I as well as working a common throttle valve, lias to put in 

I action an ariiuigcment of bevel wheeis, to set tho sluice in 

■ motion. When the balls faU to a cei-fcain point, they throw 

I iiiio gear a system of mccbaiviam, consist lug of an onlinary 



clutch and berel wlieela» which movd the poaderoua dtiioe by 
which the water paases to the wheel. 

*^ This laborious duty of moving the sluice h aadgned id 
the water-wheel itself to perfonn; and the office of the 
governor is merely to suggest to the um-easoning wheel 
which way to move ita own sluieej so aa to feed itself 
properly and regularly. This hi aecompE^hed by a veiy 
fiimiliar combination of two bevel wheels i-unnmg loose upon 
a shait, with a clutch between them, and working into a 
third — the third being the wheel that conmiimicatea witU 
the sluice. Each of the two wheels, when giving motion, 
neceaaarilj tui-ns the third wheel in opposite directions; and 
as the governor rises or falls by change of velocityj it 
reminds the third wheel, by means of the clutch being matlo 
to slide or move either to the one bevel wheel or to tho 
other, in order that the proper wheel may have the motion 
which is suitable for the neceiisary movement; and during 
tho periods when the i-eqaired speed of the water wheel is 
maintaLned, both of the bevel wheels are at rest, the governor 
being alwaj^ sensitive and on the alcit to jog the one or the 
oUier.''* 

79. The Cataract.— The cataract supplies the place of the 
governor in the eiagle acting Gomieh pnmping engines. It 
conaiata of a small pump plunger a nnd bajrel 6 c set in a 
cistern of cold water A E; d is a valve opening inwards, so 
that w^hen the plunger a ascends, the water paasea through 
d fmm A B into he; / i^ a cock opened and shut by the 
plug e, moved by the plug-rod g, worked by the beam over- 
head. If the plunger be fonsed down, the w^ater will pass 
through / in proportion to the oi>ening of /. When tho 
he4un hiis moved fully up, it liberates the rod that works the 
plunger; then as the chamber fills with w^ater through d, 
m the plunger ascends, so wdicn the latter comes down the 
pressure of water will close f/, and tho weight of tho plimger 
Wtll force the water through /as rapidly as the opening will 
allow. The way it is carried away is not shown in the 
figure. If the cock be shut, the plunger cannot descend 3 if 
only slightly oi>ened, it will descend giudually, etc. As 
soon as a cei-tain quantity of water haa passed thioughy^ its 
• AutlcraoflV CoRiQT Lecture^ 1S&^, 



STEAM. 

weight opens the injection valvo, and condensation takes 
place, when the engine <^il complete its stroke; for the 
engine can only make the atroke as the vater is supplied for 
condensation. It th^is regulates the speed of the engine; for 
Sf the cock bo f idly open, condensation takes place at once, 
and if only partly open, condensation will be delayed till 
the water is su^jplled* 
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80, Marine Governor. — Owing to the unsteady motion 
of a ship, arising from pitching, rollings etc., the ordinMy 
pendulum governors are imfitted to regiilate the ^>eed of 
the enginea, Mr, Silver has Bolved the problem how to 
adapt a governor to a raaiine engine. He has employed 
severfil arrangements for carrying out his ideas. The one of 
which a section is shown in the iigui^ on the opposite page, 
Bcenis tlie best axlapted to the piu^pose. 

A B ill a small fly-wheel about 18 inches in diameter, on 
which ai-e fixed two fliers or vanes, R The faster the 
engine goes the greater I'csistance will these v^rnes offer to 
the air. P is a pulley worked by a cord and flied on the 
spindle s Sf while E is an eccentric and K a lever. To E 
fit the top of tlie pulley, for the position given in the figure, 
iff uMxed b spring. The engineer has to tighten up or 
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slaoken tliis spring according to the speed at wliicli it is 
intended to drive tlie enginea, K is tlie leyer fi'oiii wliicii 



m 



r — ' 

r F 

bWtu 

rCTi 

ll 

r F 







I' 



SrLVEE S MAEtSJiJ GOV^EBNOB* 



tli0 motion is coaveyed to open or close tLe tlii'oitle 
valve. Within C D ai-o four piniona to communicate the 
action necessary to eftbct the puq>080 of the contrivance. 
Sometimesi there are six pinions, one helow b and d respect- 
ively. 

At the uniform sjieed of the engine , it revolves to- 
gether in connection with the engine as the motive power; 
but when accelerated by the running of the engine, as when 
tlie screw is out of water, the increased pressnre ou the 
governor fans, or blades^ causes the motion to act on the 
eccentric E, and the lev^er K carried on the tube d ^. (We 
mnst understand deh not a continuation of 8 s.) Then the 
spring attached to E or the ai-ra to K, according to which- 
ever arrangement is adopted, acts to close the throttle valve. 
The pinion 5, keyed on the solid shaft sff, geaiing in the 
wheel a, which runs on a loose pin «c, transmits the motion to 
c and to f/, a pinion keyed on the tube de^ which acts upon the 
lever^ andj as said befoi'Cj nrjgulatea the speed of the engine. 
It ia excessively sensitive, and the least incTcase or I'e tarda - 
tion of ^peed causes it to act upon the Talve, "^\ifiu "fesv 
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pulley is nmning very fasb, the inertia of the fliers and the 
resistance of the air will not allow the fliers to go as fast as 
the pulley, so the pinion a runs as it were back on b (or h 
overtakes a), and acting on the spring at E and the lever at 
K, the latter closes the throttle valve. In one arrangement 
of this governor, the spring itself works the valve. 

81. To Close the Throttle Valve.— To maintain the 
spring at the elasticity at which it is set requires a certain 
speed, and when the engine falls below this speed the spring 
slackens itself, and allows the valve to open. 

82. Eccentric. — ^The eccentric consists of a disc of metal 
encircled by a hoop or strap, to which is attached the 
eccentric rod; in the disc is a hole to pass it on to the main 
shaft. The centre of the eccentric does not coincide with 
the centre of the shaft. When the shaft revolves it carries 
with it the disc, which, moving with the hoop, gives a recip- 
rocating motion to the eccentric rod. 




t 



ZCCENTBIC, ECCENTRIO BOD, AND GEAB, 

A B is the eccentric, B C the eccentric rod. o 6 c is tho 

solid disc that can move round within the strap or band 

a^^yj o ia the centre of the diao. S ia the main shaft, on 
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which the cUsc h tightly keyed. As tiie eccentric or diao 
revolves within the strap, it will be easily seen that the point 
p moving roimd will come into tho positions p* p" and p*^\ 
and that the point C will be thrown alternately to the right 
and left, C D E is a hell-crank lever supportGd on B, a 
fixed point, and therefora since C moves alternately right 
and left, E moving along the arc of a ciitile will receive a 
vertical reciprociitiiig motion, and alternately pidl the slide ^ 
np Eind do^\TL The distance l>etween the two centres o and 
B {marked by a line in the figure) ^ is called tlie tkroiH of the 
eccentric The disc is generally keyed on one-sixteenth of 
a revolution in advance of being at right angles to the crank. 
The throw of tho eccentrie is tho eccentricity, or the radius 
of the circle deaciibod by its contro duriog & revolution of 
tho crank shaft. 

83. To Reverse the Engine with the Single Eccentric— 
When an engine is fitted with a, BLnglo eccentric^ the engine 
is reversed by hand. Tho engineer notices whether tho 
piston was moving up or down ; if mointi^ tfjh li® takes tho 
starting bar and admits steam to the tojj of the priiton, so 
that it immediately degcends, and the shaft Imgina to movo 
ia an opjioaite dii'oction* The eccentric is fitted on to the 
ihaft^ ao that it can he moved halfway round, or rather there 
are two stops on the eccentricj and one on the shaft* Tho 
shaft revolving, as we have just said, moves witliout tlio 
eccentric, so that the stop on the shaft leaves one of those on 
the eccentricj and when the shaft has moved halfway round, 
it comcfl against the second stop on the eccentric, wliich will 
he then in its projier position for working tho slides, and 
fio the motion of the engine ia conthitied. To throw thb 
eccentric in and out of gear, a recess is exit in the eccentric 
rod (car© being taken that it is in its exact position), to this 
a pin Ls fitted to connect it with the sHde rod, or gab-lever 
puL When the engiueer hns stalled the engine by hand (by 
lifting up the slide with the starting bar), and %vl.?he3 to 
ittfich the motion of the eccentric to it, he watches his 
opportunity and lets tho rod fall on the pin ; tho pin will in 
lilf a stroke fall into the recess. It is kept lo its ^Isuaa \i^ ^ ^ 
W or atrip of iron placed over the entrance oIl Ska^ v^^i^im^ 
ielJ therB bj a spi'Ing. 
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84. The Double Eccentric^ or Stephenson's Llak Motion. 

— Tiiia contrivancp, used both in the locomotive and marine 
enginej waa mventecT bj Stephenson to enable the engineer 
to quickly rcversG Ms enginej and so go backwards or for- 
wards at pleasui'e. 

It consists of two eccentrics, H and G, with their rods 
A B and C E, the one called the forward^ the other the back- 
ward eccentric* The two are connected bjr a link^ D E, with 
a dotway in it. In the slotway moves the block p, fastened 
to the end of the valve rod a. 

The bell crank lever, D E p, is to move' the Muk np or 
down. When the forward eccentric is moved so as to work 
the valve rod it moves the slide, and the sliip or locomotive 
goes forward ; but when the backward eccentric works the 
elide rod, the engine is reversed. The link motion is thus a 
simple and expeditions mode of re versing the engine expe- 
ditiously, and almost without trouble to the engiueman. 

When we consider that the foi^ward eccentric rod, A D^ 
Benda the engine one way^ and the backward rod, E, sends it 
the ofcher^ wq si3q that the travel of tho slide Las been reversed, 
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as it were* Again, if the pin and luik be ijlaced in the position 

shown in the figm^, the slide has theJi but little travel, and 

we mn see that this travel is increased just in the same pro- 

pQi'tiQu OB tho beU crank lever, D E p, mov^^ the link D E 
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Up or down from the mid position* As tke amount of o|*eii' 
ing for steam depends upon tho motion of the elide, by leaving 
p in diffeiient positions in the slot, we open and close the 
port at and daring vaiying times. This is done by not 
placing the block at the extiiemity of the link, but at u distance 
from itj and regting the lever in its proper phice. For this 
purpose an ai'c or sector Mith notches in it h fittached to 
the link motion, to lix the handle in and secure the required 
opening the engineer may deem best for the Bj>eed requii-ecL 
This is not eximnsion, hut leather wii'e-^irawiug the stean^. 
In fact, Stephenson's link motion cannot properly be used 
to give diffei-eut grades of expansion, it only altei-s the travel 
of the slide ; for when the pin is in the middle of the link, 
the motion of neither eccentric is imparted to the slide rod. 
The pin being at the end of the link, the slide rod will receive 
full motion, and full steam will be given to the cylinder; but 
when the block lica nearer to the centre of the link, less and 
less steam is ^dven to the engine, and consequently it moves 
the more slowly. This point is more completely illuatrated 
under the heading ^^T/ie manner in wkick the Link Motion die* 
tributes tJi€ iS'leam" m the chapter on the Locomotive Engine. 

85. E3£pauBion Gear for MariEe EngiBea. — Tarious plans 
ar& adopted by diiferent makers. Some use cams placed on 
the shaft in such a position that when the valve is connected 
with the cam, by an airangement of rods, levers, etc,, steam 
can be admitted into the, cylinder, but when not so, the porta 
are closed against the admission of steam. The great objec- 
tion to this aiTangement appeai^ to he, that when the roller 
comes off the cam, itj together with the valve, drops with a 
sadden jar, which causes a veiy unpleasant noise in tho 
engine-room, and also a gi^eat amount of wear and tear in the 
Inachinery itself, • 

The best plan appeal's to be to have an eccentric, to which 
la connected a sliding valve in the steam chest, Thi^ eccentiio 
is fixed to the shaft in such a position, that when the valve 
is in connection with it^ it ahtits off steam at the required 
portion of the stroke. The different grades of expansion are 
regulated by a lever with receesea in it. Tins is among the 
connections of the exiiansion gear. Care is taken when throw- 
ing it out of gear that the expansiou valve is uq\* dopi^^ oft 
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else tlie cngiria wiU stop. In soiiio cases tho tlirottlc valve h 
used as an ex])jij[i3ioii valve, imder wliich circumatanco the 
full l>enefit of expaiisioa ia not gainetl, for tluit reqiiires tho 
total cut-off of steam, wMcli the common tlu-ottl© valve csaimot 
do on iiccount of ita shape, but It wiro-dmwa tho steam- The 
expansion valve and eccentric to \¥^ork it are perfectly distinct 
from the slide valve and ordiaaiy eccentric. 



EXERCISES CHIEFLY FEOM EXAMINATION PAPETia 

1, Giva aJi account of the steam engine before the time of Watfc, 
with a description of Ma improvcmonta (1860), 

2» Explain the terms cng^biomngj clearance, lap, and lead (ISCG). 
Lap aad lead are explained in a auucoetUng chapter* 

3. What is a circular inch ? 

A safety valve 7 inches in diameter m loaded to G Iha, an the aqoitrQ 
inch, what would be the load on each circular inch (18G7) ? 
A circular inch ia sl circle whose diameter la onti inch. 

Ajis. 4-7124 Ibg, 

4. Tbc flJGA of a piston is 4370 M square inches, find the diameter 
of tho air ijump, which is lialf that of the cylinder ; find also tho 
capacity of the pump, supposing it Bimilar to the cy Under (lS*i7)> 

yj ^^, Dia. ot air pump, 39 899 inche^g. Cap., 1210*21. 

5. Describe with a sketch the single acting engine (1SG7). 

t5* TVbat ia the foot valve ? Is it a neceasary appendage to a steam 
engine ? If it is not used, what arrangement must be made in con- 
aetiuence (1S07)? 

iTiero need be no difi'erent arrangementB made when an cngjno 
is worked without a foot valve ; for the bncket of the air pump must 
in any case come right doivii into the water, as there is a vaeuuui 
both in condenser and air pump, bq the water cannot in suUicient 
quantities follow the bucket, but must pass through the bnckct valv^e 
in the down sti-oke when it plunges into the water. "When no foot 
valve is fitted it is customary to let the steam enter the condenser aa 
near the top as convenient, for it is found that a little more water 
remains hi thu condenser than is generally the case. Where surface 
condensation is employed you muH Mve a foot ralpe^ because the 
steam and condensmg water not mixing there is a greater amoimt of 
vapour to deal with, which is likely to expand and eon tract in tho 
passa^res, folkming the bucket, but not passing tlirnngh it. 

7. The area of a piiston in 447*3 Bcjun-re inches, and the di^neter o| 
the piston-rod is one-cig]ith that of tlie pistoiij find it (1808). 

Ans. Dm. of piston rod, 9*43 inch. 

8. The presaurc of steam ia 15 lbs. on the square inch, and that nf 
the uncondenaed vapour is 2 ll>s., compare the effective force in tho 

up Mud iloH'B stroke rospectively {1^%), 
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If the pTC5gui^ of the atmosphere is greater thou hulf the Bum of the 
prcssuTce of steam and uncoivuensetl vapoiir, then the preseurtj in the 
down stroke is greater thmi the preasure in, the ap strike, and tke 
vtma — ^ 

Pressure of steam = 15 + 15 = 30 

Preasure of unconden^d vapour = 2 

. ^ Half their fium=??±^^ 16 iha. 

PreSBTiTo pf atmosphere = 15 lbs. 
. \ the pressure ia greater in the up stroke than in the down Btroko, 

9. Describe gGnera.lly the improvcmontg introduued by Watt into 
tho steam en|jine (18ti8)* 

10. The initial pressure of st&am in a cylinfler whoae stroke is 5 
feet 4 inches, ia 45 lbs., and expansion eommences when 2 feet 3 
inebes have been performed; £bid the pre&i^ure at the end of tho 
stroke. Find also the horse power if tho area of the cylinder is 2218 
square inches, and the number of strokcB i>er minute 3^0 { I8(i8)* 

Am. Terminal i>re^flnre 18' B84 Iba. 

For borse power, see qnealiiona at tho enfl. 

IL How is steam adndtted into the cylinder? Describe with a 
sketch the usual mode in marine engines for werldiig the gear con* 
net-ted with the slide (IS^B). 

12, What means are used to keep the piaton roda and air pump 
rorls steam tight (18l>7) ? 

13* Give an account of the principal discoveries of Watt^ and the 
advimtagea derivable from them (1807). 

14. luvestigate an GXpre$siou for the length of the radius bar in 
Wntt's parallel motion. 

16. A pair of double cylinder engines ia substituted for single 
c^-Under engicea of 7S incLes diameter, if tlie total area of the 
piston and length of stroke bo the aaino in iKith caaea* compare the 
surf sees of the cylinders eacposed to the friction of the pistons (1867)^ 

Am, 1 : s/2. 

10. Giire s^ sketch of the feed iralve box and pipes^ and name the 
valves. Is it neoessary to have an air vessel to the exit pipe when 
an overflow valve is fitted to the box (1807)? 

It 13 not necessary to have an air veseel fitted under such circum- 
stances ; tho air voasol, as in tho caac of tho fire cngiiio and <jther 
pumps, is to give a cGntimtom ittrtavii of water, which is not required 
m tho overflow of a feed valve. 

17. What are tho foot valve and delivery valve ? What is meant 
by blowing through? How is it cifccted (ISGS) * 

18. Describe the method a^lopted for keeping the cylinder, air 
pmmp, slide valves, etc,, air aod ateam tight. Describe the straps 
gib^ and cutter, and exjilain their use (18GS)* 

Blowing through, and strop, gib, and cutter are explained in a 
luccecding cliapten 

19* Show how to find tho work done by a crank. Wliat force ap- 
plied to the extremity of a crank at right a.n^\e9 to it "Wi^ii iko ^'a 
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same work as a mean pressure of 4 tons acting on a piston through- 
out tbe up and down stroke (IS68) ? 

Let P be tiie pressure on the piaton» and p he the power applied to 
the extremity of the crank at right aiialea to it. 

Then the units of woric done by P in the np and down ttrokfl 
= P X 2 4 where I is the leneth of the stroke. 

The extremity of the craiS: moi^ea through a distance - 2«'i foP 
if the length of the atroko Iki /, the mtliua of the circle described by 
the end of the craiik, or the leu^h of the cranky m ^. 

, \ unita of work performed by p at right angles to the end of thfl 
orank — p x 2w'ti. 

By the condition of the question theae two units of work mugt be 
equal* 

,% Px2J:^jJx2irxJ. 

*'^P^~ (geuoraUy). 
In the particiilar case given above 

_ 2x4 ^ 2^546 torn 

20. Describe KeWcomett'a atmospheric pumping engine^ and poiafi 
out its defeeta (1869). 

21. How docs the atcam act in {1), a eicgl© acting condenajag 
engine ? (2) a double acting condenaing ? (3) a high preasure engine 
(1860) ? 

22. Describe with a sketch some form of slide valve as cjonnected 
With the steam cylinder of an engine^ and explain its action {1360). 

23. Describe tine great improvement introduced by Watt into the 
conatrnction of the steam engine, Distinguiah ?jetween a single 
acting aiid a double acting engine i what valves are necessivry for file 
Working of a single acting condensing engine (I860)? 

24* Describe some form of steam slide valve lulapted fot a double 
acting engine. How are the faces of such a valve prepared so aa to 
make it ateam tight (iS^iO) ? 

Pof latter part of this question, see Chapter Til. , par. 14S. 

25» Describe the const rutstion of a piston, and explain the method 
adopted for keeping the piaton and piston-rod eteam tight. Descrilje 
also the strap, gib, and cutter, for tightening the brassefl at end of 
a connecting rod (1869-71). 

26. The circumference of a piston-rod being 30*5 inches, find ita 
aiaineter (18*)G). Ans, 9-708- 

27. The total presgure On a pair of eqtial piatoiis la 90 tons at the 
rate of 45 lbs. on each ac[uare inch, find their diameter (1866), 

Anft, 5.^-4 inches. 

28. Explain the action of the governor and throttle valve in re- 
gulating the speed of an engine (1369)- 

29. Find the load on the air pnmp bucket dl a steam engine when 
seventeen feet below the levaf of the water outside the ship, the 

jK/ia9i?ure of ths atmosphere being \4^ Wja.* wad that of the steam 
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witkbi tlie conienser 2 j lba» (a imbiD foot of water weigting 64 Iba. ) 
(1865). Ans. 19^ lbs, per Bquore iaoh. 

30, Emtmerate tte tKings to be done in a double acting condeniing 
steam eiigiae, and describe generally tlie meih<}d of accampliaking 
them, 80 as to give a fair idea of the engine itself (Honours, IBGO)^ 

Zh Ejrolain tlie principle of Watt's parallel motion in its nimpleat 
foroL Snow how to aj-range tliat two or more pointa aiiall describe 
paiaUel straifi;ht lines (Haiioiit:s, 1869). 

^. Describe some form of slide valve as fitted to the steam cylinder 
of a double acting engine, Sketch the valve in section, with the 
openinga over which it slides, and give it some amount of lap on the 
steam side. How is the face of such a vaiv© made truly plane (1S71 )? 
33^ l^Tiat 13 done by the air pump in a steam engine f What aro 
the foot and delivery valves ? and where are they placed (1671) ? 

34. The cylinder of an engine la 7* inches in diameter and the 

stroke is 7i leetj what is the capacity of the cylinder t How many 

pounds of water mnat be evaporated in grder to fill such a cylinder 

with steam at an actual presffure of 15 lbs,, it being given that ateam 

at 15 lbs. press ure occupies a space equal to 1G70 times that of tho 

wa ter from which it is generated (1871} ? ^ 

HL Am. Capacity 224*002 feet. 

^H Cubic feet of water *1341. 

^"SS. Giro a description of the ateam engine iu use before the time of 

Watt, with au account of his improvements (1863)* 

3(5. Mention the diatinguishing feature of the atmospheric fiiugle 
acting and doable acting engines. What kind of engine is general y 
fitted to steam veaaela? and what kind i* b^t suited for laud carriage 
(1864)? 

37. Tho mean indicated pressure of steam from above the piston 
was 14-9 lbs., and the vacuum pressure 3 2 lbs,, and the corresponding 
pressures from below were 15-4 and 2 '7 Iba. * what were tho mean 
effective pressures per square inch during the np and down Htrokea 
respectively (1S64) * Am. 1 1 '1 lbs, and 127 lbs. 

Z&. The length of the stroke of a steam engine is 5 feet 6 inches, 
and the boileif pressure 12 lbs. above the atmosphere, the steam is 
cut off after the piston has traversed 2 feet ; find the pressure of the 
steam in the cyhnder when it opens to tho exhaust, which is 2 inches 
before the piston arrives at the end of a struke (1865). 

The steam is cut off 2 inches from tho end of the stroke ; so^ 
therefore, steam pressure is continued for 5 feet 4 inches ^ SJ feet. 
^^ The total pressure of steam is 12 Iba. + 15 lbs. ^ 27 lbs. ;i 

^K TJie following relation always exists :— 
^H Initial pressure : teixnioal pressure : : whole stroke t part of 
^Tbroke performed. 

,v 27 ; teiTuinal proesure ; : 5^ r 2. 

tenninal pressure -?L^.^^ lOJ lbs* 
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Explain, the manner in which the steam acts in Watt's single 
fiCting pumping engine. Why i* tJiis engine bo muck iJftRUft ^t^TijaiEflKSJk 
^ " ^m the old MtmospheriQ (1870) I 



40. Tho diameter of a safety Yalve is 10 iucliGa, fiiid the diffcTcnca 
in tutal preasiiru of thu atciun to raise the valve if it be lbs. per cir^ 
cular inqk alH>v^ what it would be if it were lbs* per Bt|tiiuie moh 
(liWi4). Arm. 1^13 14 lbs. less wlien lbs* per circtiUr iBck 

See qnestions at tlie entL 

41. What m the diameter of a Yalve eautaining 123 square incbei 
{181)5}* * ^Jij». 12*6 inches. 

42. In what way is steam admitted into the cyHuder * How is the 
ftpporatUH worked (1865) 1 

43. Draw in aecticm the cy Under and the slide valve of a liouljk 
acting engine, and explain the mfiimor in which the valve regidatea 
the admiBsiou and exit of the eteam (1870). 

44. Why ia it economical to cut oil the steam b©f4>ne the piston has 
gone to the end of the cylinder? Tho len^^th of tbe stroke of m 
€iuono 13 S fuct, tho ijriJSStLro of the steani on entering the cylinder is 
30 Iba, on tlio inehj at what point ahould the steam, be cut olT, so that 
the pressure tit the end of the e^troke may be 5 lbs, jjer inch {1870) ? 

Am. 1 foot 4 inches, or |, 

45. Sketch in section the steam cylinder and valves counei^tQd yn&. 
it, aa arranged in Watt 'a single acting pumping eii|pie* EKplain tha 
object and use of each valve, showing at wliat periods of tho strnkQ 
they flhould be respectively open or dosed (1870), 

4^. Explain the principle npon which the parallel motion of a beam 
engine is constructed (1870), 

47. Describe the CDnstnietion and arrtingement of the workiiig 
parts in a doTihle cylinder engine, and point out the advantaji^ A 
Buch engines in carrying out the expansive work of steam (Konouii, 
1870). 

48. State what you understand to be tho advanta^ of working 
with superheated steam in an expansive condensing engine, eiqilainiiig 
what will probably occur in tho interior of tho cylinder, according aa 
the steam is superheated or otherwise (Honours, 1870). 

fcsee former chapter. 

49. It TViiB stated hj Watt that neither water nor any other sub- 
stance colder than steam should be allowed to enter or touch the 
steam cylinder dwrhi^ the working of an engine* Show that this 
rule was not adopted m the case of the atmospheric engine, and de- 
scribe the arrangement by which Watt ^avc etfcct to it (1871). 

50. There are three valves connected directly with the Ktenni cylin- 
dcr in Watt's single acting condenaing engine, name them. Duriug 
what portions of the up and down stroke of the piston shonld these 
valves be respectiveljr open or shut ? and for what reason (1870) If 

51 . State the principle of Watt's single acting engine as applied in 
pumping. Wliat valves are necessary for the working of tUo engine? 
How is the number of strokes to be made per minute regulated! 
Beacribe the cataract employed for that purpose (1871)* 

62. Show that a single slide valve will suffice to work & douhl© 
acting engine in the place of two steam and exhaust valves* Explain 
with a sketch the action of any ehdc valve (1S71). 

^. Bes^^ribe the locomotive or tbt«ie--jjoTtftd valve, aa applied in 
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engines of short stroke. Why is its use so restricted ? Show that 
lap added to the valve produces expansive working of the steam 
(1871). See Chapter Vn. 

54. Describe the eccentric for working the slide valve of a steam 
engine. How is it thrown in and out of gear ? How is it attached 
to the slide rod in an oscillating engine (1870) ? 

For latter part of question, see next chapter. 

55. Describe fully tne double eccentric, and show how the eccentrics 
are fixed on the shafts. What is meant by back lash ? 

When one part of an engine runs or faUs back on another with a 
noise it is called back lash, as the single eccentric will sometimes do 
against the stops, and one toothed wheel against another. 

56. Describe the eccentric as applied in giving motion to a slide 
valve. In what way must you change the position of the eccentric 
pulley upon the shaft relatively to the crank in order to reverse the 
motion of an engine (1871) ? 

57. Describe the double eccentric with a sketch (1869). 

58. The single eccentric is fitted with a weight to balance it, what 
would be the effect on the slide if it were to become detached (18(>6)? 

The slide would fall in the casing in certain positions and would be 
useless ; the fact is, the engine comd not be worked. 

59. Describe the method of reversing a marine engine when fitted 
with a single eccentric (1871). 

60. How is an engine reversed when fitted with a single eccentric 
(1870) ? 

61. Explain how the reverse motion is obtained in engines fitted 
for paddle wheels and screw vessels respectively (1871). 

62. Describe some arrangement of expansion gear suitable for a 
marine engine. What form of valve would you employ (1870) ? 

63. Explain the way in which the eccentrics of manne engines are 
fixed on the shaft. £!xplain also the method of obtaining the back 
motion (1864). 



CHAPTER IT, 

MARINE ENGINES, 

Condensing and Non-Condenaing — Sido Lever— Twin Screw Ejigmoi 
— Hi^uiTtiet Engines — Compound Engines— ^Continnous Expansion 
O.^tiilUting En^nea^Rteeplu En ginca^Maii delay's Twin Engine 
^Beam and Geared Engiiie— Tmnk Engines— Harse Power— 

Engines are fiiiat divided into two classes: — 

(1) Condensing Engines, miscalled low-pressure. 

(2) liToH-CoNDENSiNG EngineSj miscalled higli-preasure. 

We should avoid the use of the two terms high and low 
pressmx), as they are scarcely applicable to enginea of the 
present day. 

SB* Mariae Engiaea are generally divided into two elasses 
— those adapted to drive the paddle wheel, and those h^ 
suited for the screw. The chief difference aeema to be, that 
engiuea to drive the screw are cUrect acting, t.e., their piston- 
rods ai^ directly attached to a crank on the shaft, while 
in the case of paddle wheels they ara not always direct actin^^ 
but the motion is conveyed through the iiiter\^ention of side 
levers. In the direct acting engine, it is often a prune object 
with the engineer to obtain a long stroke- To gain tlm end, 
many of the various modifications in marine engines have 
been suggested. 

But let it be well understood that no particular enje^e, 
perhaps with the exceptiou of tha side lever, is entii-ely con- 
fiutjd to either class. Every student should seek oppor- 
tuuitien to examino the engines in his nelghhonrhood as 
minutely aa possible. An hour spent in this viniy will some- 
times add more information to the student*s repertory than 
days at his l>ooks aloue. 

. ^Z The 8ii^ Lever En|iiiBa.— TUe ^a?^ eu^voa ^mi^loYed 
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a diiye the paddle wlieel was a aide leverj in wliicli the 
rrdinaiT' beam pflmping engine was modified to obtain the 
fequisite rotatorj motion, and the beam placed by the side 
&f the cylinder, condenser, etc,, to stow it into aE compact 
k space as possible. In the oiiginal aide lever the end A of 
tile beam AB was worked up and down on its centi-e C by the 
iide rods AD, while to the end B was attached the connecting 
liod working the crank above. 




SinE I^EYX^a ENGINE. 



%tire is a new arrangemerLt of this engine, C^ is the 
ei% in which the piston is shown hj dotted lines, the 
■rod hi immediately behind AD, and not shown. As the 
moves up or down, the end of the cross head at D lifto 
up 01- down the beam AB by means of the aide rod AJ>, 
*dtiu-ns it on Ub centre B; as it i^eciprocates on its centre B, 
the connecting i-od GIL tuiiia the ciunk RS, which cai-ries with 
i the paddle shaft S. 

Eifl the ail' pump, nndetneatli w^hich is the condenser 
O'R The air pump is worked by its side rods ad, in the 
iftme way as the larger cylinder Oi/ hi worked ; G can be 
«8ttl both as a feed and bilge pump. E is attached to 
itomg ii-aming. The whole works as a lever of the second 
lim. 

"Vthe valves are worked by the rod 6 c working the bell 
fmk lever on its centi-e e^ wJiich gives an altemaA^ u^\n^ic^^ 



aurl downwErda stroke to the slide valves. The details con- 
nected with ft tf are not properly shown, t being attached 
neai^ to the main shaft. 

The piston rod m compellcKl to move perpendiciikrly by 
mcniia of tlie guide rod D H nio\'ing between two guidea. 

In all aide lever engines tliet^ are two aide levers and Wo 
Bide rodii both to cylinder iind pumps; the side rods are 
connected to the two enibi of the piston cross head, wlvieli i§ 
made, for this purpose, a little longer thivn the dmmeter of 
the cylinder. 

The condenser F C beneath the air pump sometimea ex* 
tends nndemeatli the cylinder. 




twi:n^ scbkw engeh:e3. 

88. Twin Screw Engilie3.^Many engines placed similarly 
to the above have been constructed to diive twin screws. The 
proi>eLlei'3 are iixed one on each side the mdder, and a little 
in fi'ont of it. With two screws so situated a ship can very 
readily he tnmed round^-an advantage fi-equently of con- 
sidertible moment. There lE great trouble in framing siiffi- 
ciently sti-ong brackets to cany the screws ; all the macliincry 
nmst he in duplicate, which necessarily occupiea more room 
and requires more attention. H.M.S. "Abyssinia" is fitted 
with engines j>la€ed somewhat in the position shown in the 
above ligxu-o; but frequently engUies to drive twin screws ai^ 
ai-ranged horizontally, the port and sttu-boai'd engines lying 
^anmixi imd aft of each other. 



eBgiaes liiiilt for some Spanish gimboai'?^ E is the sTirfac© 
inser, and is placed in that position to form a frame and 
lit for carrying the engines. Another arrangement is 
the ordinary condenser in the same position to perform 
aine function, Heace^ such engines will occupy but 
space. 

md A avG tlie cylinders with their pistons PP, and piston 
i>r. C are the connecting i-oda, C S the cranks, while 
uafl-s S are shown by circles in section. 
J. Hammer En^nes. — These engines, which differ little 
taa oixiinary vertical ei]gine, ai-e so caQed because 




HniMMER INGIITB* 



m supported on a frame resembling that of a steam 
m*, with the cylinder in a similar position to that 
kteam hammer— viz*, overhead. They are direct 

i is the cylinder, P the piston, P S the piston rod, C R 

Eg rod, and C S the crank with shaft S. The 
irkinir in i^he sideB of ill© frame tgx^b^tv^ ^q 
— 



S2 
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parallelism of tlie piston rod. A P 13 tlie air pump, witt it 
piston-rod working in a tnmk c d. The lever, I> E, whid 
woika the air pump, moves on tlio centre P hj m^mt 
of a small rod whicli cornea from the centre of tlxo guide 
block to tbo end of tlie air pump beam, as sbown in the 
figure. 

Tlie condenser is G, from whence tha water is foreed 
out by the air pump on its down stroke. It 13 a aingk 
acting air pump. This clasa of engine is verj much used in 
om* commercial marine, on account of the amall space tky 
occupy, 

Thei'e is plenty of room i-ound the engine, which ia 
economi^etl, and usetl for the stowage of coals, stores, etc., 
iind frequently for the engineeiV bath and mesa rooniB (in 
large stemuers), so that they are always at hand and ne^ 
their work, 

90. Componad Engines, called also High and Low Pres- 
SEre Engines* — A compoiuid engijie is an engine with U'* 
cylindei-s, the one frequently double the diameter of the other 
Bteam is acini itted from the boiler into the smaller cyhtitki 
and after it has driven the piston rtp or doit:n it is iliPJ 
allowed to pass into the lai^ger cyliaider, when^ by its ex pan 
sive pixtperty, it drives the larger piston doivn or up. Wool 
was the first to introduce this pi-inciple; it has been pvacti 
caliy applied hy Humphrey and othei-s, and fuilher modifier 
into what is called the continuous expansion principle h2 
Messrs. Stewart and Nicholson. 

In Woolf and Humphrey's engines the larger cylinder i; 
worked entirely by the exhaust steam from the smaller; bu 
in Stewart and Kicholson*B the steam paitially acts on hotl 
pistons at the same timej but we will presently furthe 
exjjlain this. 

The compound engines proper are arranged in two ways 
cither the cranks are placed at certain angles, or else whfi 
one is at the top of its stroke the other is at the bottoni 
"When one crank is set at aii aogle with the other, the steaD 
is kept back for an iustant after driving the piston of tit 
small cylinder up or down until wanted in a i^ceiver, to b 
ready to enter the laa-ger cylinder when its piston anivcs a 
t^e end of its Btroke. This is a acrious ovil involving a los 
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of power. "We will explain the following figure as a com- 
pound engine on the two principles indicated. 

(a) Wool/'s or Humphrej/s Compound Engine, — ^A is the 
small cylinder, B the larger one. 

The cranks are not at right angles, but when one piston is 
at the top of its stroke the other is at the bottom, at least 
generally it is so, but not originally as introduced by Woolf. 
A whole revolution has to be performed to complete the 
expansion of any given cylinder f iill of steam. The steam is 
allowed to pass from the top of ono cylinder to the bottom of 
the other, being first admitted from the boiler to the smaller 
cylinder. Usually the two cylinders are not distinct, but 
fectly connected together. 
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(h) Compound Engine with Continuous Expansion, — 
Let us suppose the piston of the smaller cylinder at 
the top of its stroke, and that of the larger one at 
the middle of its upward stroke. The steam from the 
boiler is then admitted by the slide 5, above the piston 
a, which, therefore, commences its downward stroke; the 



ml mission of Ktcam is not eoiitiniiGd beyond tli© midJle 
of the stroke J and it may bo cut off at any earlier or 
more convenieot point by the link motion, Xlio piston a, 
ns it jismses tho niiddle of the stroke, uncovers port p, tlien 
t]io Kteauij -which gnve a girat initial velocity to a, escajyei 
to the top of tho lai^ger cylinder B, the piston b of which 
hii^ txintiimod ita upward Ltroko and anived at the top. 
The £3teain has now to drive ilown both pistons "by ex- 
pmsion, a from tlio middle, h ft'oni tho top of its stroke, m 
t^een by (t and dotted pistru In B] when a gota to the bottom, 
piston b ia in the middle of its stroke going down, as seea hj 
b a]id dott<^d piston in A; now, by valve «, st-eam ia 
admitted below rr., and tho exhaust in cylinder A, although 
opened, ia covered hy a gridiran Klido, so exhaust ia prevented 
until Or has made part of ita upwai\l stroke, and b ne^y 
tinished ita down stroke. Then the intermediate slide 8 closea- 
port p in centra of cylinder A, and immediately the upper 
ends of both cylindei-s are open to sepamto exhanat passages^ 
By this method of regulating the supply of steam, the pi-easuro 
resisting tlic iipw^aixl motion of a aasiats tho downward 
motion of b., Again, as the iai'gcr piston is at that time 
moving faster than tho other, this back pi^ssure, if we maj' j 
Eo tonn it, will have moi-e influence npon b than a, and m 
cause a good clfect ujion the whole. 

The amount of work lost by the opposing pressure oa 
piston Aj is nioi^ than eonqiensated for by the exti^ presaurti 
obtained on piston B; but the extent to w^bich the exlmusi 
may be ko]>t back, requii^s much consideration and caro* 
The cranks aix?j of necessity, from the relative poKitious ol 
the pistons, at right angles, and no intermediate cliamber i* 
employed, unless we consider 5' as a travelling chamber, biii 
the steam is passed dii-ectly from one cylinder to the other. 
The complete expansion of any given cylinder full of steitm, 
is completeil in thi-ee-foiTiths of a revolution, and so ia not 
exposed to radiation and conduction so long as in AYoolf 'fl 
system. 

Getieral erplanatian : — A and B are tlio t^ro cylinders, ^fi 
mnat cooaider that theixj aro two pairs of engines to drive ili8 
two shafta or tw^in screws. Tho action of the slides s and^' hn$ 
been pzvFiotugljrexplainetli t5ftud<jE' 8(,i:QtUopisktaiH3da; Gmdi 
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lie connecting rods, woi-Idn^ e and e' the craiiks; /and/^ 
mi large piecea of cast iron to Imlauce the cranks, and assist 
iejTi over tJie dead ceati-^s; S C are tlie surface condeneera. 

The ail- inimp is shown at A P, tliG upper part of which, is 
lio hot w<?lL Tiiift air piinip is worked by the lever I, from 
Jte crosahead r of tlic pistoiu 

'Oio tlieorjr of tlio action of compound engines is simply 
Ms : that a groat mitial velocity given to a piston does moro 
j:ionomico.l work than a i)i*essura continued tlirougliout the 
fetroke, as hsia been fully explained in expansive working; and 
f ihhi initial velocity be given on a a mall surftvco it does 
nost work^ while, if the ateani have lesii i>Dwer, it will do 
most work acting upon a larger surfitec- For eonvenioncc, 
economy in woikiing, and economy in construction, the piin- 
ciples of making the initial steam act upon a snuiU Kurface of 
pisjtijn is the coiTect one, th.Q larger surface being act^d upon 
by the sit:?am when ]iartia]ly cxjxinded, 

91. B^ancing the Craak^^It ha.^ boen tho practies with 
pk few cngioe makei-s to put a heavy piece of metal, somotiniea 
Weighing a ton or more, opposite tho crank, which they o\\ 
^ halanco or coimter weight. Tho intention ^3, that it shiil 
Borve to coimtoract the weight of the cmnk when not in 
W perpendicular or vei-tical position. Some aiEiin that they 
greatly assist in keeping the motion of tlie niacliineiy iirm 
and smooth ; other experienced men do not agi*ce with 
ithem, saying that when one engine is at its deiid centime, tho 
pther is at its gi'catest power, viz., at half stroke, and, thcrc- 
fore, the motion must be uniform, and tliat balances arc only 
;Bo much luselosa metal and dead weight creating additional 
friction. If the drum of the thi^esliing niacliine be not 
balanced it will move nnstsadily. In vertical engines, such, 
for iriBtjinco, as tlie table engine, it is found nt^esSEiry, in 
order to pi'oducc a i-egular aTi<i oyeu motionj to balaiic3 tJjo 
%eight of tho [dston, side rods, etc., by cststing the lly-whcol 
in such a manner that ono side shall bo hciivicr than tho 
Other, it is then lixed so that tho heavy side is rising during 
,tbfi down stroke, and falling during the up stroke, by wliich 
means an equal and steady motion is producodj no more power 
being nequii'ed to Lift the piston than to throw it dowu, ^YVwi 
%-wbed of iftteJi an mgmo am bo moved \»y Wud, >N\iLVi\i. 



h 




could not l»G iloiiG woro the wLool imbalancod ; tLk mli, 
pcrliaps, illnstnito tho utility of the plun. 

93. OiCillating Engines ava n triumph of onginecring 

Kkill They have been 
brought to their [(re- 
sent pcifectlon chiefly 
through the ingenuity 
and fikiJl of Penn. 
Mui'dockj in 1785, at- 
tempted iin oseillating 
engine^ but the accu- 
iiiey of our present 
litting sLopa, aud tho 
bkUful contrivanccfi of 
modern machinists, 
\veii3 not at hii com- 
mand, m there is uo 
wouder he cciuld not 
perfect liia ideas. 

In oseiHatuig en- 
gines, instead of ttf 
connecting jxkI oscillfl^ 
ting to the motion 01 
the crank, the cyliU' 
dera oscillate and tKe connecting rod is lUspcnseii with. It 
pos^essea many iidvantngea ; among others, it occupies l»ut 
littlo Bpace, consists of but few piu*t3, and is easily ax^cessiblo 
for repaint. 

The two cylintlri-s A B and C D vibrnte, each npon two 
trunnions J only one of which, «, J8 fihown in tJio figiu-e- 
These tnumions are i>laced about the middle of tho outside^ 
Tho steam enters thixiugh the outside trunnions, or tboaO 
nearest the sides of the vessel, whilst the exhaust steftif 
CMiCETims at tho opposite sides, or into tho condenser jilncad 
below and between tho two cylinders, The air pump ^ 
within the eondenser, and is worketl bj a crank on tlio 
" intei-mediate shaft." Tito shaft that stretches over 
engmca fwm cylinder to cylinder is called the iiitennoi 
^J//i/f, tho slide YiilvcH are i»voi'kcii\ Vy cttiei\irvcft qu tliLs idmfl, 
but the pniticuhir mode of ^oi-km^ia s;x^\^g^^^ -BsaS* 
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pfiTagraph* We uniBt not omit to mention, ibat tlio steam 
first parses into a belt Gdon tlio cjlindera j and then, after 
going partly round, enters tke ports at tlio proper tinia E 
and F are tlio piston rodsj G H and K H tlie cranks tnrmng 
the main shaft H, 

93. How the Slides ia Oscillating Engines are Worked. 
— In oscillating eiiginoa of small pow^jr^ the oscillations of 
the cylinder are made to work the slide valve* 
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^vd::kisg of the slides in osctllatikg enodtes, A^'D details oj* 

: SLIDE OEAH. 

(l%e kUevA in emh Jtgam torre^pond.) 

In oscillating engines it will not do to connect the eccentric 
VQ\\. on to the slide valre rod, on acconnt of the motion of the 
cylinder^ The diiScnlty here encountered is overcome by 
liLtving a sector B B' sliding in between two upright rods 
A A". The eccentric rod C C is attached to the sector by 
means of a pin C, so that motion is given to the sector by 
fclie eceentiic. Within the sector slides a block 0, to AvMch 
iii fastened the gab- lever ar/ (right hand figure), the spindle of 
M'liich i-csta on a hearing a nttached to the side of the cylinder 
H ; to this also is attached the valve lifter g 8% which gives 
"" otion to D, the slide valve rod, so that the movement of the 

^ntric is thus tmnafei-red to the ^Hde valve. The slotway 
in th« sector is an ai'c, the centre of which is the centre of 
oucilktion of the cylinder. The motion of tho cylinder c^sjvuot, 
tlierefore, have smy eiTcct on the ^sHdo vaWca if t'kiQ \Ao^ <^^ 
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the gab-lever pin move fi^cely in the sector, vhich it does. 
In this manner, therefore, the eccentric works the slide 
valves as in ordinary cases. 

94. Steeple Engine. — Steeple engines have been iiii?<>- 
duced largely on the Clyde, they also find much favour in 
America. They are direct acting engines, and are very 
serviceable and compact, and found to answer very well as 
river steamers. 




STEEPLE ENGINE. 



They have not, in consequence of the high erection they 
require above the deck, found any favour as sea going vessels, 
but the objeetion against them from this cause seems more 
theoretical than practical. They do certainly present a surface 
to the action of the wind, but this action may very often be 
in favour of propulsion, while the surface is but smalL They 
acquire their name from the high erection a b, which 
serves as a guide for the end of the connecting rod, which is 
shore the crank. 



EA:af AXD GEARED EyGINS. 

Ci/ is the cylmder; P the twci tu^>ii ro<.ls, ag shown in the 
figure J moTe the ^ide block Q np and down, hetwt>en tho 
fjfnidea ah. G C is the connecting i-od convei'ting the 
reciprocating reetilineiir motion of O into a cootinuoiiB circu- 
lar motion hy meana of tlic cmnk C R, which ib thus con- 
veyed to t!ic disift niarkf<l dark in the ligiine. A P is the air 
pump, up r air pump rod, workeil by me^na of the air ]mmp 
lever C 1>, which i-cccivea it'* motion from the guide block. 

95. Maudslay^s Twin Engine, or Siamese Eng^ine, or 
Double Cylinder Engine*— Thei^j in-e two eyUndci's, A and IJj 
and two piston-rodj^, 
fi smd 6. Tlicse riso 
and fall siniiiltancous- 
Vj caiTying with them 
tke lar;5ts crosshcad 
C D in the fomi of the 
letter 1\ The part 

P desoenda between 
two cylinders, tlio 
Bides of wMeli serve 
iiB a guide, BO that the 
'^mk block J? ia com- 
I'd led to move perjien- 
dicularlyj and so pi^- 
^rve the parallelism 
^ the piston -I'od. To 
P is attached the con- 
necting rod FU, which 
WAvm round the cj^nlt G II, carrying the main yhaft H. 

The air pmnp A P ia worked hy the lever D o, reciinocated 
V th^ piston rod b, and moving on its centre o. The eon- 
(lyjiser ib low down at K ; this haa proved an objection nnd<?r 
^vkttTt circnraskmceB. This engine ia only fitted for driving 
ftlmddlo wheeL 

96. Beam and Geared Engine,— Some engineers do not 
it^liiiire driving tlieii- cnginoa at a high 9iK3cd of the pistonp 
f-Wiough it iij necessary to have a high speed at the sci-ew. 
A beam engine is often pttt into the ship which works a 
Itii^ spin- wheel, from wliicli ia driven a Buiallcr j^inion, 
A modeiute speed of the crank shaft may \je Ueptu\i, Vto.^ 
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^!1 give a very fast- speed to the scraw, on account of tlio 

Binaller size of tliG fici'cw shaft plmon comparecl with ilio 

diiving wlitseL 

C}f h tlie cjliiKleff 

the piston rod (PB) of 
■wjiich gives the neces- 
saiy reciprocating mo- 
tion to AB, moving 
on its centre 0, BC 
is the connecting rotl, 
E the crank turmiig 
the spiLr wheel S W, 
which works the pui- 
/' w ion P, which is keyed 
on to tl:io main ^^ 
8. It will thug \^ 
seen that one revolu-^ 
tion of the spur Tftee^ 
S W (or one stroke of 

tho engmo} will g^TB aover&l reyolntions to the pinion P, or 

to tho inain sliaft. 

97. Trimk Eagiiie. — ^Watt first gave the idea of a ti-u^t 

engine, but it was not fully developed till Penn produced tbe 
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direct acting horizontal marine screw engino. Eacli engine 
la genemlly worked by two cylindGi^s. The cylinder A B in 
laid on itii aide ; and down the centre, passing tlu^ough both 
ends of the cylinder, goeg a large tmnk n h, on which (all ia 
one piece) is cijst the piston e d^ ho that the effective working 
part of the piston is an a^nnulus or ling. The trunk in iitted 
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am tiglit hy means of stuffing Ixixes. Tlie coniiecting ri:>il 
is ft tt ached to a pin at o, iixcd in the middle of the tnmk, 
wiiilo the other end engages and works the crank c jf, whcro 
^ is the main shid't, 

C D, the rectajignlar figiim to the right, the condenser, is 
divitled into tlie condenser proper, the hot well, and the 
]iump ban^L The largo pipo E P is called the eduction 
pipe ; its iiinposo is to bi-iug tho exhftust steam into the 
condenser, where it is condensetl at the bottom, after wliich 
the double acting pump 7; deli vera the water into the hot well 
II \V. 

98. Double Acting Pump. — A double ficting pnmp is ono 
til at dclivei^ water both by the forward and backward stroke. 
Ponn'a tnmk engine is always fitt[?d with two of tlicse air 
pumps, one to each cylinder; each is worked by a rod which 
pussea thi*ough the piston and cylinder cover, and there arc, 
of necessity, two suction (foot) valves, and tAvo forcing 
(delivery) valves, on the same piinciple a^s the India-rubber 
'lUc valve* explained under its proper heading. The feed and 
hil^e pumps are w^orkcd in the same manner. 

Let U3 .sui>i>ose the air piimp piston is at the end of its 
stroke to the ri.^fhtj then tlic sj^ee in front of it, or near the 
cylhiders, v/ill fill with water 1 ram the foot of valves 1 3; %vhen 
the piston niovea to the left it will cairy with it the air pump 
pi^itou by means of the rod r to the left, so that the water 
Jilliag o will bo forced through the deliveiy valves 3 and i. 
M the jiiaton moves to the left a vacuum is left behind it 
ill p, so that water ru£;hc3 through the suction valves 5 6, 
^vhile forcing valves 7 8 close by pi-essure from above. 
lii A siuiilar manner, but by opiKJsite action, tho sti-oko 
tleiivera water into tho hot well H W, as the piston movea 
ttJia left to right. 

Another kind of double acting pump is a simple ari^ange- 
nieut by which the same pimip can bo made to force water 
tiillier in or out of tho shi[i, or in or out of the boiler. The 
puuip is worked by tho usual aiTangcnient of valves; but there 
ait? two key heads ]jlaced on tho valve box which tiUTi two 
eircnlar spaces. When tm-ned in one direction, the suction 
ftcts to brin,^ water into the ship; but wlien turned in ^u 
t>j)j?as}^ H7y> imiai^ h ihivcd out by bimpVy clcmn^ax^^ ^ 
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dirt5ciioii from whence tUo wat:?r can get bencatk iLo 
vulvrs. 

99, Launch. Engines* — Laimcli engines gcnenJly consist 
of a small imr of engines tHther \rorking veilically behind 
thn boOer, or eLso tHa-g^ontilly or vertiGolly in front, Thej 
ai'o employed to proptd very smnll rivei" or laarbonr Btcamers. 
Boing lii-bt used in tUe Koyal !N^avy to proi>el tho ** laimch," 
tLcy tire m noiueil. Tliey g^ive o- Ini'gc number of revolutions 
per minute, aud always work a screw, Eotli engines work 
tiie same shaft by means of cranks. The cylinder is at the 
top, imd they work a shaft down close to the kcc^ of the 
vessel. There is no point in thcli^ construction calling fer 
explanation^ tui they dillt^r in no way fi-om a marine engine 
of the onlimiry typc^ ^sitli eylindcrj connecting rod, and 
cmiik, 

100, Comparison of Engines. — Engines axe compared with 
each other by considering their ii^latiye pcrfommnco, A 
IHii-chaaer oidere an engine of such and such horee-powcr. 
An engine of 100 horse-power is calculated to do the work 
of one hundred horses (but it will generally do a vast deal 
more). When Watt undcitook to eonstruct an engine for 
any of the niincs in Cornwall, he always guaranteed it to do 
the work of so numy horses. Ho allowed that a hoi-sc can 
do 33j000 units of work per minnte, or lift in a minute 
33,000 3bs. 1 foot high, or 33 lbs. 1000 feet high, or 1000 
lbs, 33 feet high. This is generally censideretl too much. 
We have the horse-poit'er and the nominal horse^mtver. The 
nominal horse-power is the commercial or Belling jjower of 
an engine; or the horse-power, reckoning the pressure in the 
piston to be only seven pounds. For further infoi-mation on 
this impoi-tant point, the reiider ia referred to the questions 
at the endj where the formnla for the calculations will be 
found. 

101, Dnty of an EBgine-^-The duty of an engine is the 
■u^ork it docs in relation to the fuel consumed, llie average 
duty of the Corniah jmmping engines is generally stated to 
be 60,000^000 lbs. mised one foot high by 112 lbs. of best 
Welsh coals. Some have reached a duty of 100,000,000 
Ib^, 

HiB foIlQwing from the EngvRA&\ ToL XKXr,» will givo 
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a good idea of what is meant by the duty cf tho Cornish 
engines : — 

** It will be observed in the table inserted below that from 
the period when the work performed by the engines was 
commenced to be publicly reported, in 1811, there was a 
continuous improvement up to 1843, when an average per- 
formance of 67,000,000 lbs. lifted one foot high, by the 
consumption of 1 1 2 lbs. of coal, was reached. Since 1843 there 
has been an equally continuous retrograde course; so that at 
this time tlie average duty of the engines liaa fallen off about 
26 per cent Or, to put it in other words, at this time full 
one quarter part more coal is consumed by the engines, on the 
average, than was necessary in 1843 to do the same work, an 
item of no small importance, especially in such a period of 
depression as the mining interest has been passing through. 

"Table of the Average Duty Performed by the Cornish 
Engines per 112 lbs. of Coal, at the End of each Period 
OF Five Years, Commencing with 1811. 

Yair. Duty. 

1811 20-4 mils. 



1815 
1820 
1825 
1830 
1835 
1840 
1843 
1845 
1850 
1855 
1860 
1865 
1870 



(say) 



24-4 
341 
381 
51-5 
56-9 
G4-8 
G7 
661 
61-8 
54-8 
51-6 
50-2 
COO 



" The cause of the decrease of duty which has taken place 
of late years must be attributed chiefly to the careless 
manner in which the engines and boilers are attended to ; 
the mines have not been in a prosperous state, and in con- 
sequence the engines have, many of them, been worked in a 
wretched condition, perhaps after having been removed from 
place to place several times ; and in many places where new 
engines are badly wanted, the old ones, which have worked 
Bomo of them for thirty jears, arQ m.a4Q to o^xis^^x "Csi^ 
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purpose J to obviate a large outlay in putting down new ones. 
'Jhem is also a certain cai^elesaness on tlie jmiii of the mine 
managers in Laving tlieir enginea * rci>oi'ted,* ^o that many 
of th<i beat engintia iire ox eluded fi'om the duty reeords. 
The writer lias foynd the best enginea yeiy Intely doing fruni 
aixty-tbre© to abcty-five miiliona with fgur-fifthe expansion 
in constimt work." 



EXERCISES CmEFLY FROM EXAMINATION PAPERS. 



1. DcBcribG tlie general arrangement of the tmnk engine for 
diiviiig a acruw i>ropclltT. Describo also that of an oscillatnig engine 
auitablo for a patUlle wheel atcainer (186D). 

2. Delino the duty of a steam engine. Wliat ia the average duty 
of the pumping en^nea in Cornwall? How do yoii explain tha 
increased duty obtained from such engines by employing steam at a 
higher pressure and by working <jxpansively ( 184>1>) ! 

3. In a sttiam engine thu steam is used at 20 lbs. preasuro, mnl ia 
cut off at half stroke, find approximately the percentage of gaiu in 
the work done by the consumption of a given q^uantity of steam by 
reason of expansive working (1870). 

We will find approximately the total work done. Let us supptiso 
the stroke is 5 feet, and divided into 10 half feet to obtain a nearer 
approximation. 

35 lbs. onthoaq. in. 

^^ »i ii 

35 ,f ft 

3i> ,f „ 

^ J* 1* 

^ X 35 = 25 
fx35 = 21| 

^x 33 = 171 

10)288 lb«5, on itj. in. nearly. 
2S'8 I, ,f 

i.e., steam who&s pressure ia 174 lbs, has been made to do all the 
work of 28 "8 lbs. of steam by giving it a groat initial velocity. If 
therefore 17^ Ihs, docs the work of SS'SUis-j what is the gain per 
cent. ? 

As 171 : lOO : ; (28-8- 17 '5) or U'Sio Answer. 

Am, i34'57 percent. 
Otlier methods for this and 5 are given at the end. 

4. What is meant by the nominal horse -power of an canine, and 
ijoir is it dcterniined for paddle wheel vessok (1867)? 
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2nd 






3rd 






4th 






5th 






Gth 
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0th 






.% Total 


pres&ure. 
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5, The initial pressing of steam in a, cylinder wlioae stroko b B feet 
4 inchea is 4^^ lbs., and expansion commei^cf^ when 2 feet 3 inchea 
have performed, find the preasure at the t^ml of the Btrfjke. Find 
also the Ucrso- power, if the area of the cylinder m 2218 Bipn^rn 
iuohee, and the miiabur of strokes per minute 30 (18t)7|, 

The terminal prt^sme will be found to be IS^^ lbs.; but, by allow- 
ing the port to be opened ono inch before the end of the stroke to the 
exhaust, anil neglecting cushioning, the tetaninal pressure will he 
fonnd to be 19-2 lbs. 

Dividing the piston into spaces 3 inches in length, as was done in 
example 3^ the average prcssare will \>g found to be 35 Ihs. Takin;j 
the length of the stroke om 5^^ faet, artfa of cylinder 221S inches, and 
unmber of strokes p^r minute 30, then we hf^vo 

Horse newer — ^^ ^ '7854 (firea of piston ) x speed of piston si 33 
-p _,__,_„ 3^(K)0^ " ■ 

Am. Horse- jjo wer =752 -3. 

6, Give a sketch and explanation of the oaoillating engine |18(j7). 

7. Describe with a aketeh Mautblay's double cylinder engintis 
(ISfiD). 

8. <iive a sketch and explain the working of trunk engines (1866). 
0. Find tlie nominal horae-power of an engine of trie following 

tlimensions ;— Diameter of cyhnder 57 i incles, stroke of piston 5^ 
foct, numhier of revolutions 25 (I8ti0). 

Nominal horse^power :. ^^' ^ ^P^^^-lJg^ 

_ 57-5x57 -5 X 5^ x2x25 

At^^. 151 '5. 

10. Describe generally the Bide lerer marina en^o. What is the 
object of the blow through valve, and where is it placed ? Which 
parta of the en^ne are m^e of brass, and which of caat or maUmdjIo 
iron reflpectively (1870)1? 

11. What is the dii^tinction between a slngV and a double acting 
air pnmp? Sketcli lK>th forms of air pump^ shomng the valves 
necessary in either cose. Describe the Inc^ia-ruhber disc valve 
(1S70). 

12. What is meant by a steeple en^e, and to what ijarticnlar 
gervJoe are they generally devoted ? Give a description of one. 

IS. Describe the general arrangement of a pair of oscillating 
engines in a paddle wheel steamer. How would you start the 
engine (1865) ! 

14. W'hat 13 meant by tho nominal horse-powtr of an engine, iiml 
how is it determined fur paddlo wheel vesaels {U465) ? 

15, Find the nominal horse-powcir of an angina of the following 
diin<>tiflions (1S63) [^Diameter of cylinder 53^ incno^i stroke of piston 
'i lcet» number of revolutions 22. AttJf. H.P. 11544. 

[l(?* Pind the horse power of an engine whoso mean steam preasuro 

I 15 lbs,, and vacuum pressure 2*4 lbs., the length of the stroke 4 

leert inches^ the diameter of the cylinder 44 inchL^i and th& immlvttr 
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of rorolutions 31 per minuto^ the usual ollowanco bcin^ made fc 
frkttm {mil>). 

The preasoro is 15'2'4=^ I2"(i lbs,, ou tHa the ufloil lOlowam 
liAs to be made for friction, which is li Iba., leaviiag an etl« 
larosaura of oiUy 12'*]^ 1-5 - 1!-1 }]^. ^ 



, H.P. = 



il^ 



d^ X ;7S54 x preaaurts x epeed of pbton 
33000 

~ " " sIkkT ^^^ ^^' 

17* What ii the nominal horse power of a pair of etiginea ? Giv^ 
dianieter of cylinder 00 i no ties, stroke of piston 5 feet 4 inclit 
niiiuber of i-evoliitioua M (lBtj7). Aim. u. r. -4SG' 

ia» AVhy is tho otank bidajKu^d in somo engines? State clearly tl 
general ide^ ji^ to ita iM^^ Give yonr ri^oni] for m i^gxumt t] 
practice^ 

111. Give a sketch and e^rplanation of the oacillatinE: engine (1863] 

20. Find tlie nominal norae-fiower when the djamuter of tl 
cylinder is 5^^ inches, atroko of piaton 6 fttet, and number of re vol 
tiona 21 (ISfK^). Am. 107 '8 

"11. The diameter of eacli of the engines of a steamer is 01^ indte 
the length of the stroke is 6 feet 8 inebea^ assunmig the number 
revolutions to be 16, and the infUcator prcsaure IG ]l>s.^ find tl 
horge-power of both engines ( 1SG3). vl«^. 13(30*2 

22* Wliat is meant by the terms ciisluoning and dearanco ? Do 
the aniomit of clearance above the piston in a aide lever engii 
usually increase or dindnisb as the engine wears (1305) ? 

The side roda aiid the ctmnceting rod are shortened by wear, tbor 
fore tho elearenqe muat iHininish. 

23* Tlio nir pump is comuionly deuble acting in screw oti^ne^ 
explain the action of euch a pump. Hketch roughly in aection tl 
condenser air pump and Vn^lves in Peun^s trunk engine. How is eac 
separate valve made and lltted (1371) ? 

24. What ia meant by a hanmier engine ? etato clearly its di 
tinetive foaturea. 

25. Give a sketch of a compound engine, commonly called hig 
and low pressure engine. 

26* Describe iTumphTtsy's engine. 

27. What is meant by continuous expansion ? To what engines 
it particularly applied ? 

2S. Htate diatinctly what is meant by (I) a beam engine; (2) a Eii 
IcYcr engine ; (3) a geared engine ; {%) aeompomid engine* 

2U» What engines are launches and small river steamers geueraD 
fitted with ? 

ao. What method is adopted for compariaoa as to the jjower \ 
^llQrQnt engines ? 
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PaJtiJe Wheals— Immersion of Pa.dtUe— Biacoimectinc PiwMe — 
Centre of Pressure^Thc Surcw^Definitiona — SUp — ^PropellerB-^ 
Thruflt — Hydraulic Projmkion. 

There are Tarious methods of propulsion^ but tip to the 
present time only two have done good work — 

(1) Paddle Wheels. 

(2) The Screw. 

In addition to these two, tho '^Waterwltch*' ia driven 
by a kind of turbine or hjdmulie propnlsioiij which shall b© 
explained. 

Yessela in every case are propelled tbroxigli tlio water by 
leverage. The ordy ftdcioim obtainable is the water itself, 
Trhich cannot offer any re-sistanee to the slightest presstiro 
applied to it without yielding to a cci-tain extent. The 
amount of yielding will vaiy with tho preasnro and tho 
quantity of water acted upon. Without this yielduig 
property of the water, no vessel could progress through it at 
alL The prablem to be solved in marine propulsion^ ia 
to arrange the iioats, sci-ew, etc., that with tho leaat amount 
ef filip wo may attain the highest Rpeed of progression. 

102. Paddle Wiieela coneiet of two large wheels moving on 
tlio end of the engine shaft. They are nijide with ii^on arms 
attached to two largo rings, on to which are bolted the 
liaddles or floatB. As they are turned round, the resin tance 
effeml to them by the water causes the vaisel to move, acting 
pfecisely on the same principle as a boat oar, by them tho 
laertia of the water is made a means of locomotion, In 
'^g this appliance as a motive power, its advantage gi^eatly 
<%Kmda upon tho amount of immeiBioa. Wlieu t^et ^^\fcx 
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app^acliea the centre, or reaclicts above, it ia ol>Tioiis tlmt ibe 
greatest waste of power will ensue. It is quite as obvioufl 
tlmt the greater the diameter of the wheel the greater ib^ 
levemge, and the greater is tlie effect obtained. The floM* 
are geneiully made of ehn or pine. There are various kinda 
of paddle-wheels, such aa (1) the ordioaiy radial wheel ; (3) 
the Cycloidal; (3J ]\Iorgim'a feathering paddle, 

103. (I) The Ordinary Eadial Wheel has the floate£xe<l 
on the i-adial aj-mg. It is to be obsei'ved that in thisaiTaag*^' 
nient the floats eater the water with the whole ^^ 
their faces pi-csented to it; the same action takes place f>^ 
they oome out. From tliis arises a great loss of power, fc^** 
tliey shoidd evidently offer the greatest resistance to ttr^ 
■water when at their lowest point, and none when enterin.^ 
or leaving. From this cause, and the yielding of the wate^^j^ 
the ship does not move as fast as the wheel The loss L^ 
called slip, and i^ generally allowed to he 20 per cent. 

^lip is the diflerence between the speed of the wheel anc^ 
the speed of the ship. The percentage is calculated on tli^^ 
speed of the wheel. 

104. (2) Cycloidal Wheels.— To obviate the difficulties an* 
disadvantages of the ordinary wheel other forms have beei»- 
suggested, as the Cycloidal, which mei^ly consists of dividing 
the float into two strips iongitudinaUy, The one fartheat 
from the centre is behind the radius, and the other in front 
of it. The intention of this ai-rangeraent is, that the floats 
may meet the water with more uniformity. It is a very 
good form of wheel for large vessels, 

lu order that the floats may enter and leave the water 
with the least possible resistance, they shoidd enter in a 
tangential dii-ection to the cui^vo which is being described by 
any point in the wheel. This is, as is well Imown, the 
cycloidal curve. 

105. (3) Morgaa^s Feathering Paddle. — A wheel of thia 
kind was fii'st patented by Galloway in 1829. 

Tho flgnre at a glance gives us a good idea of the prin- 
ciple of the feathermg paddla The floats are seen supposed 
jsm spurs attached to the rim of the wheel. The long levers 
ma a, etc., move the sboi-t ones a' of a\ etc, on their centres 
pbbj etc., fixed in the spurs. TJie levers aaa^ etc., proceed to a 
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eentro C, 'whlh o h tlie cmitre of the whtct Thus tha csntr© 
of the floats ia not coincident with that of the wh&eL Tho 




MORSAJf^S FEATHEEIKO PADDLE. 

cJintre C is either diwen bj an eccentric on tlie ship^a aide, 
or " bjr a rigid bar ^vMcli apringa from a solid ring,"* By 
tliia pkn the f J oats arc always moved on their centres, bo as 
^ enter and leave the water very netirly peipendicularly, and 
^\m offer the greatest resistance at the lowest pomt. Tho 
floats aiM3^ in fact, constantly at right angles to the surface of 
^'0 water when immei^^d. 

106. Immersion of Paddles,— The great difficulty with 
p:*LiiIle wheels k te sccui-e a proper immersiou. As the slnp 
pi^ocecda on its voyage and cousiinies its stoi-e of coala^ the 
^'m€i hecomea light£?rj and, consequently, its draught of 
^atfff docraiiaes. Thenafore, supposing a paddle m pnDperly im- 
Jiicraed at the commencement of a voyage, it will he nearly 
^ut of the water at the end. At the eomraon cement of a 
^^yjige the padiUes mit^t h too deeply immersed, at the middle 
tae jatjper immersion ^vill perhaps be attained, wliOo thero 
^m be too little towiirda the end of the voyage. It is usual 
ti> allow froux twelve to twenty-two inches of water over tlio top 
^f the Jioat;?, according to the siza of the shi^j-, lowtj t3Xy\%'^^_ 
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fitearaers the usual plan is to aJIow only aWit on© mch ovea 
the floats, or that ikej should Ikb just awash. A system d 
reefing the paddles exists, i.e.f at the commencemeiit of ihi 
voyage the floats are reefed, or imboltetl, and fixed nearer tk 
centre, and as the coal is oonBiuned they tire shifted outwardi 
to til c cud of the nidii. 

107 Disconnecting: the Paddle. — When the wind is faii 
for sailing, and the alii]) is pliicc^d uutler canvas, it ia u^ual tc 
diseonnect the paddle whecla from the engines, juid allo^ 
them to rcvoh*e in their Learinga hy the ix^sistance pf th* 
water, Bevcitil plana have heen proposed to permit thiE 
action, m Mniuklay'a \Aini of alidiiig the paddio shaft witl 
the nearest craalv ont of the crank ]>in by means of a wora 
wheel, 

Eraitli waiters, wliich consiste of a cast iron disc kt^ycd ot 
to the patUllo shaft; surraunding tlio cast ii-on disc is i 
strong wrought iron hoop, wliich will sUde roimd the diso 
A pmjectionj into winch 18 boix^tl an eye for the crank pin tc 
pass through, is forged on to the hoop; on the opposite side oi 
the Loop it is enlarged to cover a brass cushion; this cushioi] 
19 diiven hy a key tightly against the aost iron disc^ whcE 
the friction is so incix^ased as to cause the disc to cairj 
i^nnd the hoop, and with it the crank, and so motion h 
communicated to the wheels. Of coui-se, if the key be 
driven ont, then the hoop and disc rovolvo independent! y, 
and the wheel is free to move by tho i-esistance of th(S 
water. 

108. The Centre of Pressure.— In Morgan's feathering 
paddle, aa each pafldle is always peqK'ndicuIar to the water, 
they pragresa witli the same horizontal velocity, thci^efoi^ wc 
may safely say that tlic point of maximum iTisistauce, oi 
centre of pi-essare, m in a line passing longitudinally alon^ 
the centre of the float. But in the radial wheel tins cannot 
bo the case, for the outside edge of the float moves mudi 
faster than the inside ; the point where these two aveiuge 
each other is ttdcen at a distance of one-third the depth oi 
the boai\l from the outer edge. 

109. The Rolling Circle is that eii-clo descinhed by tlie 
jioint in the wheel wlio^io velocity is equal to the velocity of 
tAe ship. It is evident tWt lliti c^wtvG of ^ressui-e moves 
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StLan tli€ rolling circle l the ii3sistaJice which this diiler- 
if velocity gives, is that ^^hieh profiels the sliip* 
o the full power of the steam en^qne, and a ccitain 
I draught of tho veasol coiTCspoucb a ceitain rolling ciix-lcp 
I which indicates tho maximiun peiformanee of the ve<S8ci. 
TJiifler no cii^imistances whatever ca.n this maximum 
efficiencj be obtained if the centit) of tlie iloat of a ijadillc 
wheel i^ placed on the i-oLlin^ cii^le. Wherever beyonrl tho 
rolling circle the floats of a puddle wheel may be placed, and 
however great the slip of the float, ko long as the rolling 
circle is kept at this nmximnnj^ slip, imdci' such circumjstiinees 
{as, for instance, in a jsniall float placed at a disttince fi-oni 
the rolling circle), is no loss of jvowcr, and does not lessen 
the efiicioncj of tho engine/'^ 

Paddle-wheel steamers are best adapted for propulsion om 
Bhallow rivers and lakea, whore tho draught of water ia 
limited. 

110. The Screw. — It ncetl scarcely be said that the padille 
wheel w\xy the fir^t mo<lo of propulsion used, and that paddles 
possess certain advantages, under peculiar cii-cumstanoes, by 
which they still retain, a strong hold upon marine engineers. 
The comjamtivo value of each wOl Ije considered jii-esently* 

111. The Screw or Propeller, or Screw-Propeller*— The 
form 19 that of tho sd-^w of Archunedes, or it is a sphal 
similar to the geometrical staircase. It juits at right angles 
to the pafldle wheel, and is tinted in the dead wood at tho 
Item of the vessel, a laigo rectangulai' hollow being con- 
structed on pui']>oso for its reception. 

The profiler is of the same construction as the common 
screw, hot the narrow thread of the latter is expanded into 
the large thin j)lato in the former, wMle the central cylinder 
of tho scixjw becomes sm[dl^ and only a Tciy small \iiivt 
of a convolution is taken, as it has been found that one-sixtli 
part of a convolution is iiitich mora efTectivo, and will do 
more work than the whole. Pj^opellcra ai-e generaUy made 
with two blades, but they have been used with thrae, four, 
tiiid six blades. The former ai-^ found to answer beatj being 
fixed ou a spindle jiiissiiig through a boas, 

112. Pitch, Tliread, -Angle, Length, Blade, Diameter, 
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Blip. — Wo mn.y aupposo a scrcw to l>e formnil tltus:— 
Tako a picco uf paper iii tUo forai of rv iight-imgle<:I triangle, 

oa A B C, and winp it roimd a 
cylinder, bucK as a largB Imd 
pencil or ntW* Let na sujvimjko 
that wiien it is ivi-apped ixjund, 
the point C touches B^ or the side 
E C exactly iitjs round once, 
^ Tlien A B is the ^nlck, B C is the 
% aitcumformice^ A C tho tlirea*!, 
and A C B tlio angle, Tho thread on our Bupjjofied Bcrew ia 
only a liiiej let ua liuagmo this, as Tvaa said above, to become 
a wide flat plate wound rounds tmd that tho cylinder becomes 
small, and tliat of the ivhole thread only two bits are tidien 
opposite each other, we shall then have as good an ideii of a 
sci^w as can be given. 

The Pitcll is the distanes that a complete convolntion. 
takes ^pon the cylinder; or the pitch, as in tlio common 
scmw, is the distance between two threads; or, thirdly, the 
pitch m tlie distance that the screw would go if turned onco 
ctiniidetely round in some unyielding substance. 

Tie Thread is the distance along the edge of the blade. 

Tlie Angle va the inclination of tho tliread of tlie sere' 
to tho horizon. 

The LeEgth is the f motion of the pitch aetiially iised. 

Blade. — Each propeller consists of two or more parts, 
■which are called blades. The area is the surface of 
hlade. 

Diameter is the diameter of the cylinder fmm which tho 
Bci^w is tfiken, or it is the pei^iendicular dL^timco between, 
the extreme outside points of the blade. 

Positive Slip is the difrerence between tlio s|xicil of tl 
fihip and the speed of the screw. {See slip of paddle wh< 
page D8.) Slip vaiics from 10 to 30 per cent. 

Negative Slip.— It is a curious fiict that vessels haTO 
propelled /f^sier % the screw^ than tlie screw v/oidd have gonl 
had it been working in an unyielding substanec. The dilfer- 
enoo between the velocity of the sliip and the screw under 
this circumstance is called negative dip. It has been sug- 
gested that the lines of the ship were s^ch, that a largo h 
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fif water followed th© vessel and re-acted upon It, assisting 
tUe mvGw to send tte skip forwanl. K wo consider the con- 
dition of tie water around the acrew and behind it, we ahall 
s^B a better reason for this singukr f^t The water m 
thrown ontwarda and backwards by the propeller in the 
form of a hoUoto cmM, Obeying the usual laws of nature, th© 
water follows to fill up this hollow, and it tluis conies tigaia 
to the screw in two dii-ections, Fii-st, that wliich follows in 
tile wake of the Tcssel ; and second, timt which attempts^ aa 
it were, to fill up the yacuniu neoir the centre, caused by th© 
cetitiifugal action of tho proj)eller. Both these bodies of 
^ater will impinge upon the screw, and cause an additional 
tbnist From tMs we can oonceiye that negative slip may 
e^Qst when these two forces reach a maximum, and act under 
peculiar circnnistances. 

Them are many varieties of screws, such as Giiffitha', 
"^^0 bends the ends of his hhides forward a little, and 
snakes them broad at the boss. He discovered, in com- 
liiencing a series of expeirmentsj that %vhen he placed m 
liolioTV' glol>e, one-tHrd the diameter of the screw, aa the 
W, that thereby a positive gain ivas effected. The blades 
of bis propeller do not spiicig from the shaft, but fi-om this 
IkIIow sphere. The it^ason for such an apparently anomalous 
*nungement will be found in what follows. To move the 
^ntrai portion of the sci-ew and blades, absorbs through their 
^firtiii and resiatanice nearly tAvx'nty per cent, of tho power 
^i the engines, while these parts do little towards the propul- 
sion of the veRSeL For they are nearly in a line with the 
^Jlti, or at right angles to the wateiv and so cannot effect 
R^n^Ii a displacement of water as shall react on the ship, 
witnths constiT-icts his blades to incline forward, the curve 
^ginning from tho centi-o of tlio length of the blade^ and 
r«3icliing to its point towards the ship, 

I)iffei"ent engineers have given their blades tlie most vari oil 
Wiapes. The object has been to get rid of the vibration which 
*^taaiimicate3 itself to the hnll of the ship, and is the cause 
^^ tliat disagreeable trcnuilous motion ex^>erienced in screw 
'vessels, This vibration must result from the screw striking 
tie water at intervals, and not acting as it should with & 
^Imuous pressura The imeqiial preB3\ir(j is iic&qvi.'eQ&t 
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catised by the blado being too wide aci'OBS tbo top* Wftrf 
the fipoed of the ship the same m that of the screw, tli>^ 
" Bhivertfig'* would not occur. Engineei-g roimd off and apoi^ 
their screws to make tliom cut the water instead of foirikin,^ 
itj wheu they ehoiild nrnko the pitch finer in relation to tk^ 
diameter, and the blades naiTOwer, bnt retainiag their natuiti^^ 
foitn* The gitjatest reaistiince of the water is ^'ao'oss th" 
propelling side of the fix)nt siirface jnst across the niiddl(^ 
and the forwaiil side of the leading edge of the bacl 
surface " 

113. Peatherin^ Screws-— SovenJ methods Lave been pm^ 
pof?ed to fcatlier tho screw, suolt aa Mandslay'a and Bevia.^ 
methoda. To feather tho propeller is to resort to sncb ars 
an-angement that tJie two blades can be turned into a line^^ 
Tftith the keel of tho ship, or in a fore and aft direction whei 
she ia under canvas. Bevia* method feathers the screw l 
meana of two levers working in a boss on the screw shaft 
tho level's are moved by a sliding rod parsing tlirough tin 
Jwllow stem shaft. Tho sliding jx)d is worked by a nut oi 
the shaft, wliile the whole apjraratns is easily accessible 
the shaft tnnneL 

^ 114. Twin Screws. — Twin screws are simply the nsc o^^ 
two screws, one on each side of the rudder, iustead of onc^^ 
screw itt the dead wood [in fi-ont of the rudder. One scroT^^^ 
turns to the right hand, the other to the left. It is claime<l- 
for this arrangement that the ship can be very quickly tnmo(^ 
within a anudl space. 

115. Woodcroft'fl 8erew is a screw of increasing pitch, Le,^ 
Buppo.sing two threads to be wound ronnd a cylinder, antl 
the distance bet^v^een the threads to continually increase, w^ 
Bhall have a screw of inci'easing pitch. Under Grifliths* pro^ 
peller, it w^as said that the centre does Kttle or nothing: 
to%vard3 propelling the ship, so therefore nearly all the work: 

tmnst be done by the extremities of the blade, Por thiB 
reason, Woodcroft sought to inci^ase the pitch of his blades 
at the ends, and thug gain power, 
116, EriCBSOn'B Propeller. — Ericsson fixed a number of 
blades OB. a dmm, so that his i^ropeller Iiad a hollow centre, 
end the eads only of seveiul blades were used to diive the 
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117. HodgBOB'a Paral^oHc Propeller diflTera from the otlxera, 
in that the two bhiilos imi lioUow cm their facG, foiTniiig jKir- 
tions of two similar pLU-aboks. The other prapellers send 
tLTsruy the water pamllel to the lixis of the screw, in the £ha[>e 
t>f a. cone, hut the parabolic ciin^ea throw it to a focus in a lino 
irith the axis. Hence, theoraticallj, aa tlio action of a Kcrew 
dqiendb upon the compfirative imiuobility of the water, it ia 
evident the screw ivill have the gix-atcat power when its 
ju^on is centralized towrtrtla one point. 

118. Beattie'a Screw Propeller. — Benttie'^ projieller ia 
fJiiced hoy on d the rudder, instead of in the dead wood before 
the rudder. The object of tliis amingenient, and it succeeded, 
Was to rcdueo the vibratory motion of the stem which is 
cijierienced to tho chagrin of all amateurs on hoard sea going 
eteim-boats. 

119. The Advantages of Screw Propellers over Paddles. 
—Under favourable circiunatrmcea thero ia bitt little difibr- 
enoB between acrows and paddles. In running before the 
wiuil the paddle hsia tho advantage^ hiit when the wind is 
^pad it ia not so, for the wind acts on the paddle-boxes, 
iviiich offer great resistance, and so iiitftrd the ahi]>. Fastened 
etem to stem, as tried with the llattler screw and Alecto 
paddle, and [Niger screw and Bi:isilisk paddle, the ficre\Y 
dmgged the piiddle. The superiority of the screw hi shown 
in long TToyagea; for whereas the lightening of the ahip may 
prove detrimental to the paddle, it cannot be so to the 
Bmtw, the acrew being more deeply immersed. As a vessrl 
folia from side to aide the imrnemion varies, and the paddlo 
loaea it^ power. In men-of-war the screw give,g a clear 
braidsidOj while tho paddle occupieia the room of aeveral ^ma, 
Bi passenger vessels tlio ixiddlos are moi*e pleasant than tho 
vibtatlng motion of the screw, w^hilo the fonncr will roll 
mora than the latter. The paddle-boxes act as outriggers, 
ftlid iTUse the centre of gi^vity so as to mahe tho vessel 
tiiove more evenly in the water. In lakea and rivers tho 
eerew requires deeper water, while tho weeds and plants 
will be much more likely to clog tlic screw than the paddle. 
In sorew vessels the engines may bo below the water line, or 
At the very leaat much more out of tho reach of shot than 
tiiese of paddle wheel steamers. With the jscrow the itpper 
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deck is clear; so guns^ etc., can bo moyed from cnil to eu«l, 
aiid there is ct iniich better chance of arnmgiiig the masts, 
sailsj etc, J 80 as to maJte the screw a more efficient sfiiling 
vessel than tlie jifiddle wbceL 

ISO- Disconnecting and Eaisingf the Screw.— We ImT^ 
stated that Maiidalaj mnkes pi-o vision for feathermg Ma 
paddle, or for arrajigiiig it so that when the ship is iiTider 
iail, it shall offer no i^sistanee to the water. It has been 
found before now, that when a- ship has been tuider sail imd 
steam at the same time, that the velocity of the ship liai 
outstripped the velocity of the screw ; hence the screw lias 
di-agged or become an obstacle to the pi-ogi^ssion of the 
%^esscL Cases have been kno>^*n in which the sci-ew lias 
actually been broken off backwank or away from the stip 
by this dra^'ging force. The screw also i-equires to be some- 
times taken out for examination and repair, therefore a 
necessity exists for providing means both for tlisconnectragtliE) 
screw from the engines, and for mining it out of its pto- 
Merehant vessels ai*e genei-ally brought alongside a quay ai 
high water, and at low w^ater the screw is examined or t^ea 
out: the process often involving considei-able expense frcta 
loss of time, etc. But in men-of-war more complete ajTangft- 
ments exist. Tlie screw ia fixed in the centre of a frame, 
supported on a shoit shsift. The main sci-ew shaft can !)« 
withdrawn, and thus the screw ia dkcomiecied from tba 
sbaft, and is at iihei'ty to involve; by an an^jigeraeut cl 
filots, it and its frame are also peifectly free to be lifted out 
voi-tically. Thie is effected by means of ropes and oLiifr 
appropriate tackle, or by a mck and worm. » 

Admiral Hall has proposed a simpler and less expensive 
plan for shipping or unshipping the xn-opeller in any harbotif 
without entering a diy dock,* 

The screw is fixed in a frame A B, and the screw shaft 
can bo withdrawn. A is the erosshead of the fi^mo through 
which pass t^o rods, a and bj which are screwed into tho 
tops of the bearings at dd' j c U ^ strong chain to liold the , 
screw, Fii-et of all, tho propeller is mised as high, as possible j 
from the place shown by the dotted lines to the position aa 
seen in the figm-e by means of the screws* Then tackling ifl 
* A fall descrlptica wiH be touad in Enfjine^iiigf ToL VIU., p. 34 
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to each end of tlie blade, and c is also fastened on. 
tliQ rods a and 6 a-i^e unscrewed and taken out, when c 
ins the pi-opeller. The tackling fixed to the ends of the 
" t suppoited bj guysj so aa to run clear of the sides 




ael N"ext c is let go, and as tho right cliain-tacklo 
SEenedj the left in wound up, bringing the propeller 
dewaya and carrying it on to tlio deck. To eliip the 
these proceedings are reversed. 

I same figtu-e will also give ns an idea where and how the 
is £xed in the dead woodj and ita position as regards 
drier R. 

ThTTist of the Screw. — ^Wlien wo consider that tha 
acts by the resistance offered to tho surface of the 

by tlie ineitia of the water, -which is driven stei-n- 
hy tho screw, we perceive at once that the whole force 
g the veKscl is transmitted to the end of the sci-ew- 

Mcthods must therefore be pro'Tidcd to prevent tho 
or motion {ram. being converted into heat by the 
oua amoimt of friction necessarily transmitted* Tho 
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inoro licat we allow ill© end of the screw shaft to genei-a 
tke moi-e power wo lose. The tlyjiamical and modt^ra the^: 
of lieat is, tliiit heat is motion, and tbcj^cfore the mc 
heat wo allow to Wiiste or develop at the cud of the slii 
the more motion wo lose. 

The thmst of the shuf t, or the reaction of that forco wbi 
pushes the ship through the wati^r, ia received on a series 

metal discs com])letelj ii 
^~* mersed in oil. Several dia 
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/ \ are emplojed to diatnbii 

l ^ ^^^ the fiietion, and ahoidd tv 

Ln_nji_^^ or more aot fast, hy two pu] 

^ " S metallic su if aces coming i 

contact, othera may be sti 

fr-ee to move. Ey far tl 

beat anungement for recei' 

ing tlie thrust consists of 

long phumner block havifl 

in it a aeries of circuli 

depressions, with a sqiiiti 

Bection, into which fit a serifl 

of colltii^ turned on the em 

of the shaft, ! 

A B is the end of tl 

shaft; 1, 2, 3, 4, 5, etc., ai 

the collars turned on ii 

These fit into the phiramcr block C. Thk figure C is i 

i*eprescntation of the bottom Jialf only of the pltmim^ 

block. The cap which is ramoved is similar in section , am 

contains the corresponding semicircuiar spaces to fit tl« 

collam* The plummer block is often hollow, water circulatin, 

within. 

123. Thrust of Screw Continued*— If two pieces of leai 
have their pure metallic smfLtces laid biiro, and m^e then po 
together with a slight pressure and twist, they unite aa 
"become almost fis one piece; so will dissimiljir metals, fl 
iron and lead, or stoelj brass and lead, or even two pieoea « 
steel, or two pieces of glass truly fiat and clean. WLfi 
lead bullets (as they are made at Woolwicli, entu-ely by eoaJ 
pressionj by driving the dies into the solid lead) vav b«i^ 
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maiLiifactai^d, the lead will unite to the ateel dio, imless oil or 
grease be employed to interpose between the two metals : the 
pure m&taUlc surfacm nnita tinder presani-e by the ]jower of 
c&hegion. Befoi-o tiio thrust of the propeller was received 
on a thriist blo^k, as indicated above, it was received on a 
fixed piece of stoel, against which the slmft directly worked. 
After woiir, when the oil had been w^om off, and the two 
Biirfaces had scmped each other so as to pi-csont nintually 
to eacli other pnitj metallic surfaces, the two jxirfcctly united, 
and tinited so firmly that the sliaft twisted and brake, not 
dit-ectly where the tluiist waa received, but elsewhere. 

123- Hydraulic or Jet Propulsion*— A few years ago 
attempts were made by Mr. Ruthv-en and othei-a to introduce 
wator-jct proptiLsion, the miun featm-e of wliicli was, that a 
jet of water driven out of the side of the vessel in ono 
direction propelled it in the other. In H.ll. sloop " Water- 
mtch" three Loiizontal cylinder are an-anged so tliat their 
coanecting rods are coupled to a crank, which works the 
shaft of a tiirbined wheel placed in a case on the floor of the 
fingiuo-rooTn. The water is led to the centre of tho turbine 
through openiuga formed in the bottem of tho ship, and is 
driven by tlie centrifugal force imparted to it by the wheel 
through pipes, whose nozzles are placed ontKido tho vessel on 
its aide just above t])e water line; or it may bo explained 
moi"o ejcactly thus : from the cii^cumference of the tiu'bined 
wheel, the water escapes into the surrounding en sing, and is 
l&d thence by two tangential pipes to the sides of tte vesiHol* 
There ai*e fonr noz^le^^ or jets at the ends of the pipes ; one 
jmir pointing fonvaid to drive the ship stern ways, the other 
(johiting aft to drive it fonvaid. The water is diBcharged 
parullel to the keel of the vessel Fom- ^'^alves, that can be 
worked fi*om the deck %^ery much like common cocks, allow- 
ing a fi^ee passage of water^ am iixefl in the jjipes. By these 
the vessel can be stai-tetl, stopped, backed, or moved romid, 
iiecordiug to which valves are opened or closed, without 
reVL^FHiug the engine. By directing a jet of water fonvard on 
OQo side and aft on tlio other, tlio vesjsel is tTniied round. 

The water jet propeller has found no favoin^ with engineergp 
Itucauise it ia pjd|mbly evident tliut there is a gi'eat lossa of 
iHJwor, Oiit of 750 iT,p. of the " Waterm^b" otA^ ^\Ma\i^. 
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oae-qimrter seemB to be utilized in propulsion, bo tlmt wMli 
offering advantages in ma^noeuvring over e3dsting metkodsj ; 
is not economicjiJ. Tliia arises from tLe ine\dtaMe loss* 
from fi'iction, in pumping efficiency, and the small sectioni 
area of the jet, 

134. Theory of Jet PropElsion.— The theory of jot p 
pulsion iss precisely tliat of '^ Barker'^ mill;" the same pit 
ciple is uaed to proi>el the Congreve and other ixjckets. Tl 
fluid in a veaael pi^csaes horizontally and oquall j, and oa Ik 
as it is eqiial tlioro is no tendency to corumunicate moik 
to the vessel. But if an ai>ertui'o be opened, the presso 
upon that portion of the siuface is i-emovedj and tl 
pressure upon the opposite portion of the surface is tmsi 
tained, and will tend to produce motion in that dii^ectio 
Therefore, when water is iitauing from the nozzles of the js 
propeller, the opposite poitions are uxisustained, and the i 
moves. 



EXEECISE3 CHIEFLY FEOM EXAMINATION PAPJ 



'im 



1* Show how a lielical Burface is generated, "VVhat ia meant bj 
screw of incrcaamg pitch? How ia the x>itch of a screw mcaanr 
(1S65)? 

2. The pitch of one of the hladea of a, screw propeUo? is 20 ft 
8 inehca, and the namher of revolutions is 4:3 ; if there were no fiB 
wlint would V>e the speed of the ahip in knots ? Again, the pit 
of tbo otbcr blade being 21 feet 7 inches, if the spood of the sen 
be that already found, what would be the slip per ceut., reckoni 
tram the latter bladu (1305) ? 

Hpeed in knots _ Kpeed per minnte x GO 

from firat blade ^ 
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Length of a knoi; 
= S;4kuot3-S'56j. 

Speed in knota from eecond blade ^^H?^J^_}iS = 8*045 

/. Shp = -3807. ■ 

. \ Slip per CQut. ia found thus, ^ 

As 8'l>4y [ 100 ; ; "3S07 : 4-250, Jm. 

3. Beficribe some fomi of en^ne aflapted for driving a 
piHipeUer, Defino the terms pitch and length a& applied ^ 
screw propellur ( 1 870) . 

4. Deacnho some form of screw propeller. Defhie tbe 
piti>hf loB^th, and angle of t\iG acio\?, NWiaS. \a tii*^ alij> of t 
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lerew propeller? The apeed of a vessel is 12 knots, tBe pitch of the 
icfew ia 20 feet,, the engines make 70 revolutiona per mumte, find 
Uie nmoimt of slip in percentage of the spe^d (1870)^ 

Anft. 15 per cent. 

5. Define a egtsw euiface, and the length and hroadth of tv screw 
propeillef, Dcaoribe the general aiTangemout of the hoUera, engin^s^ 
icrew, shafting, and propeller in u vessel. How are the engines 
relieved from tho thmst which propels the ahip (1871)* 

6. How ia a scmw sntface generated ? Define the pitch and length 
tl a. screw propeller, and apply yonr knowledge of the geometrical 
Jtropcrtiea of a screw gnrface to dtjdutie an approxiniatcj method of 
ftfltiniatiuff the area of the driving surface of a Bcrow proxiallcf by 
taiiaaurement (1871). 

ike exainploa at the end. 

7. Mud the area of the blade of a screw propeller either by cal- 
ftibtioii or approximately by measurement. In the latter case you 
muat e^pliMn f uUy the stepa of the operation (1871, Honours). 

See examples at end. 

8i The length of a screw propeller is 3 feet, the pitch 20 fact, and 
fto diwneter lt> faot, required the area of each blade (1S(J7)* 

Am. 42 -48 eq. ft. 

&, The pitch of a screw k 15 feet, the diameter 17 feet 5 inches, 

tJie nimiber of revolutions is 85 per minute^ find the rate of tbe 

screw in knots and the distance traversed by a point in the circum- 

ftrence of the screw (1867). 

Ann. lUte, 12 -5^ knots; distance, 5S "CD knots. 
10. Find the slip of the scre-iv of a steami^rj number of revolu- 
tions 60, multiple of geaiing 4 ta 1, pitch of screw 8 feet, speed of 
^ipl2kikot3 (IStil). Ans. 5 per cent nearly. 

IL The number of revolutions of a crank is 73, iind the piteh of 
tb screw if *2ri per cent, be allowed oa shp, and thJa speed of the ship 
il 14 knots (ISGU). yfjw?. 25 91 feet. 

13. Descrilje a screw propeller, and explain the terms pitohj length, 
wigle, and diameter (iSliO). 

\% A a crew shij>'3 engine mnltea 65 revolutions per mhmte, tho 
ptch of the flcrew is 24 feet, and the rate of the ship is 14 5 kn<jta, 
^d thtt slip in knots, and the amount per cent. 

AuA. 8Lip -BiM knots; 5*800 per cent. 

Find appro3[i»ately the area of the blade nf a screw propeller, 

^iiuineter 6eing 15 feet, the pitch 24 feet, and the length Jth of 

^ (1S6C), Am. 40-84 stp ft. 

W^'hat advantages do screw propellers possess over paddle 

Describe the common screw propeller. Define tho terms pitch, 
.f and angle, of the screw and alip, A ship is required to steam 
rate of 12 knots and the engine crank ia to make 70 revolutions, 
must bo the pitch of the screw if 20 per cent, be allowed for 
im]f Am. 20 feet. 

Explain a method of feathering tho foats of a iiadOU^ ^-Tiviei 
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18. Distinguish between (1) the ordinaiy radial paddle wheelaj 
(2) cycloidal wheels ; (3) Morgan^s feathering paddle. 

19. What is the proper ** immersion for paddles ?" and state liof 
they are disconnected. 

20. What is meant by "negative slip?" Can you give any ex- 
planation of it ? 

21. Describe four different kinds of screws used in steam vessebj 
stating clearly their distinctive features. 

22. What IS meant by hydraulic propulsion ? Give the theory to 
explain its action. 

23. What do you mean by double screws, and what advantage a 
claimed for them ? 

Two screws arc placed one behind the other on the same scie« 
shaft ; it is asserted that by this arrangement a better grip or 
leverage is obtained upon the water. 
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8litlof--T^n;^ D Sliilo^-Short D — Sea WfU'd'a—CyllnrU-ical— Gridiron 
— ^Motion of Blide— Lap— Lead— Valves ul" ^Jx>ociiU l'unJi>— ito- 
tatory VaJve* 

125. Slides. ^ — Tlie loeomotwe slUe haa been ah'eaiJy pnr- 
tially deaeribed, when si)eaking of tlio beam engine and tlu^ 
'Way the ateam ia adniitttid to tlio cylind«ii\ Tho varioiia 
slides naed ai^ the long D, aliorb J>, flea ward's, Uyliiidi ical. 
Gridiron J efcc. 

126, The Locomotive Slide ia i-epi^scutod in tho annoxed 
figure, in wbieh tho dark ahaded parts aro 
t^B slido, and ihe porta are marked port ; 
c leads to the coudentier. The whole of the 
fewing is cove Hid over by the slide casing, 
sJid steam ia brought to tho back of tho 
fiUdfl at A by the ateani pijje, not shown, 
^heti the ateam is actuig, it is clp4irly aeen 
tW it presses with great force against the 
back of tho islide at A. llio valve rod ia 
fibwn attaclied to the back of tho slide* 
yhm. in the position as given in tho fignro, 
it ia qnite evident no atoam can pass into 
tbe poi-ts and go to the cylinder^ as tlxej 
atie both covered o%x*r; bnfc when the alida 
^ moves the valve up, the steam can pass 
iBto the lower port, and drive the piston locomotive slids. 
^ipt while the steam that is in the upper 
|>ait of the cylinder can <x>me out at the upper port, when 
tlie form of the slide comptjls it to pa;ss into b b' and thraugh 
^t ifkich loads to the exhaust, hence o ia called the e^dvjaMi^^ 
porti Wk^n the sli4o Qomeis down agairi^bot^L ^Tta aci^^wr^ 
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doeed, then tke upper one is open to steam and tlie lower 
one to the exhaust, precisely tiie reverse of the fix^ case. 
As there are three portSj two steam ports and the exliaust 
|»oii;, this valve is some times called the " three-poi-ted alida" 
127* The liOng B Slide is so colled beciinse its cross sec- 
tion forma the letter 1>. The two fiices, 
a and c, fit a.'^.uiiist the ports. The body» 
or waist, A B, is Bmaller than the prta 
a h and c d. The steam comes along tlu) 
steiun-pipe, and can i>ass freely round tho 
waist of the valve, and pressing against 
botli bac^ and front it is almost an e(|ai- 
librium valve. The steam cannot pflS3 
hj bf d nor a, c, because the two former 
parts fit closely to the slide casing, and 
the two latter press a;^ainst the poi-ts; only 
when the valve A is lifted or dopi-eased 
can the ifteam enter the cylinder from 
round the valve, "VVlien tho ste^im 
cornea out of tho upper port it passes 
liglit down the slide at e to the exhaust 
This is the ]x>cvdiai-ity of tho slide, that 
the exhaust passage from th© upper port 
is throtigli the valve. 

128, Short D Slide may be described as consisting of tho 
upper and lower portions a and c of the long D, but ihQ 
paHSiige ia closed, and they are joined together by a rod. Tho 
fsteam is still brought to the waist, but cannot pass eitlier 
a or d unless the slide be lifted up. Its action is somewhat 
similar to that of the long D, excepting that the way to the 
exhanat ia not thi^ugli the slide, iliere ai^ separate exhaust 
piUH-mges from the toj) uml bottom porta, 

129. Seaward*fl Slides wore fiiat used by the inventor, 
after whom they are named. There are four alidea» two for 
the exhaust aud two for steam. A ia the steam side of tho 
cylinrler, and B the exhaust side. When they aJX5 in the 
jiosition in the figui^, tho piston ia ascending. StcaDi enters 
at Cj the upppr jiort a being closed it cannot enter the top of 
the cylinder J but it can ciiter at the lower port b^ and drive 
^e piston ii]>. As the Y>i^^on ascends, c is closed and d 
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open, so that the steam wliich dmre tlie piston down ia 

escaping thvfmgk d. AVTien tiie piston ia dcscendingj a and c 

are open, and h and d closed. 

D is the waj to the exJiansit, 

and B is called the exbauat side 

of the cylindei'^ a and h are 

csvlled the induction ports, c and 

ti the etluction. The slidea are 

k^pt again^ft the face of the ports 

bj apiings, so that anj water 
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that entiM-s the cylinder thixjugh 
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pnmmg can eaitiJj escape, 

130. Cylindrical Slide. — 
TheEse slides have been intro- 
duced and fitted to en;;riiieB by 
Maudslay ifo Field. They are 
cylindrical in shape. The elide 
faces ai-e hollowed out con- 

cave^ and fit on convex nozzles- They ai^ placed between, 
the two cylindera, being used in double eyiLudei-ed engines, 
and when raised the atcani ia admitted to tlio top of the 
cylinders, and the down stroke follows ; and when depressed, 
steiitu entem beneath the pisston, and the up stroke is eiiected, 

13L The Gridiron Valve. — The 
gridiron valve is one of the moiit 
effective contriviinces to give a large 
ojjcning for steam by a veiy Blioi*t 
movement. Each j^ort is sub-divided 
into two or more narrow porfSj while 
the valve face has openings to corre- 
Bpond. The prindi)le is tbe a^iuie as 
tliat of an air grating in the floor, we 
have only to give tho top plate a slight 
Tuotion when it is open or aluit; the 
sftme w4th this valve, except that the 
tuotion is i^ctOinear and not circular. 
If A B represent the porta of tho 
cylinder, and the dotted lines the 
slide face, it is seen that by simply 
lowering the slide {fme) the emalleat 
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upper porta, A, arc immediately open, and tlie lowetj Bj 
oloaed] the exliaiist is not &1io\\ti. Wlien tlie slide is 
piiahod backj tho lowor porta will be opened and the upper 
cloaed* 

Full Steam ia the position of tho valvo -when full j opcn^ 
and tho piaton m confciiiuin^^ its motion. 

Cut-off 3H the ]H>Hifcion of tho valvo when it has jiist 
closed the port agauiwt thti adiimaion of steam. 

Angular Advance is the aii;;fular measureracnt of tlio 
ate deacribod by the eentro of tlie eecentric whUo [Mtfising 
fi-om tho phiee it occupies >vhen the valvo h at half stroke, 
to that which it occupies at the commencement of the sti*oko 
of the piston* 

Linear Advance ia the distance which the vake 
moves while the centre of the eccentric k describing the 
above angle, 

132. The MotioE of the Slide Valve.— The motion of tbo 
Blide valvo when driven dii^ectly by an eccentric, or in the 
ordinaij gab motions, is simply roctilincul and recipi-ocatin]^, 
and is precisely on a smaller scale what the motion of the 
piston ia on a larger. This is manifest in conaklering that 
the eccentric is but a crank of a veiy small radius, which htis, 
like the gi^eater crank, its own circle of revolution, its own 
throw, and itg own dead points, which termitiate the i-ccipixh 
cations of the valve in the one ciise, and those of the piston 
in the other. The motion of the slide valve must therefore 
be considered in its relation to that of the piston. The rela^ 
tion of those motions is founded upon the uniform circulnx 
motions of the cmnk and eccentric. These being rigidly 
fixed on one shaft or axlo have the same angidar velocity. 
Their relations^ and those of tho pbton and valve derived 
r from them, may be established by following them thron^Jrli ^ 

I complete revolution. The i-eetilLQeal motion of the slide 

I valve, like that of the piston, is accelerated and retarded 
I duiing the travel. 

I All that is imperatively required of a slide valve in govfirn- 

^^ ing the distribution of tho stcam^ is that it be at least of enffi- 
^^b cient extent to close both of the steam pons at the time of 
1^^ dmngin^ the admission of the steam, in order that it (tko 
L &tmm) may uot gater Vk% ^>otl4 ^w^ Q^ ^\\'^ <;^\m4c;t: g-t oa^ 
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tune, and that it release the steaai from one end of tlie 
cylinder at leoat as ecKjn aa it is atlniittcd to the other end^ 

The valve, as shown in tho next IJgure, meets these con- 
ditions. In this i>oaition its inner and outer edge^ coincide 
with those of the steam jwits. Tho smallest motion either 
way opens one of tho ports to tho steam, and tho other to the 
exhaust port c. Tho valve is now at half stroke, whilst the 
]>jston is at tlic end of its stroke; and to move tlie piston in 
the direetion of the an-ow, for example, the valve must move 
in the same dii-eetion, and tho eceentric must be set on the 
shaft at right angles to the crank. From this description it 
will be seen that one end of the cylinder is open to the boiler 
throughout the whole of the stroke, while the other end is 
open to tho exhaust — a most disadvantageous result, as far 
as the eeonomical working of steam is concerned. 

But thmQ evils may be removed, to some extent, by causing 
the change of the diatribntion of steam to ttike [ilaee before 
tlie completion of each stroke ; and this is efleeted by shitting 
forward the eccentric on the shaft, the motion of tlie valve 
being advanced in a like propoition. The amval of the piaton 
at tho end of its stroke is anticipated by tho change of dis- 
tribution ^ tind the steam has thereby gained time to re-arrange 
itself for tho next stroke. The advantage of thia is obvious^ 
whoa we remember that by this aiTangement the maxinnim. 
timo is afibrded for theae opciittions with the leaat motion of 
the piston and a minimum rctai-ding effect. Wliile by these 
arrangements a moiia efficient aibnission and exhaust are pro- 
vided, nothing can be done with this valve to employ the 
expansive force of the steam in propelling the piston, which 
requirca the confinement of the isteam withLn the eylinder 
diirin^f the latter i>ortion of the stroke] when using such a 
valve we find that the suppression and release of the steam 
take jilaee at one and the s^ime time* 

Expansion is, however, attained by simply adding to tho 
^^'iigtli of the valve, as ahown in the figuio, by tho dotted lines 
^a\ Ifcs two outer odgea ai^, hj tho athlition, set so much 
the further ajiart than the extreme edge« of the steam ports, 
^iid by as much does the suppi-osaion, and, consequently, tho 
^L-oiiituencoment of exx>ansion anticipate the exhaust during 
"W travel of tho dido valye, and while tko \tt]kvQ tecx^ii 
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tMs portion of its stroke, the piston h moving nnder die 
pressure developed by tlie erpansion of the steam already^ ia 
the cylinder, 

133 Lap and Lead of the Locomotive Slide, —Tlio 
■width of tJie ojieniiig of the ateam ports for the adDiia- 
Bion or for the relcLiKO of the ste4iin at the beginning of tlifl 
stroke is known as lead. On the steam side of a locomotivo 
slide, it m known as outside lead, or lead for the admiasion J 
on the exhaust side it h inside lead, or lead for the exhaust 
When the valve is placed at half stroke over the poi-tsj, tie 
amount by which it overlaps each steam port, either internally 
or externally, is known as lap. On the steam side it is named 
outside lap; on the exhaust side, inside lap, When tLe 
terms lap and lead are employed, they are nndei^tood to 
refer to outside lap and lead only. 

The advance of the eccentric ib a term nsed to denote tlio 

E~ angle which it forma mth its position at half strokoj and 
-when the piston is at the commencement of its stroke. 
The locomotive slide (figure annexed), as seen in section, hM 
neither lap nor lead, but did it extend to tlio 
faint dotted lines h b\ it w^ould have lap oa 
the exhaust side to botli ports; while, on 
^ tho contrary^ if it reached to the dotted 

VizL™; lines a a\ it would have lap on the steam 

side. Lap is chiefly used on the steam 
side. To see what elToct this will have, 
let us examine the top port, and suppose 
the alide going up. It ia evident if the 
slide iT^aches to the dotted line a, as it 
rises from the bottom of the npper port, it 

will close it sooner against the admission 

^^L ' of steam than it wonkl l>e othenvisa if the 

^^P slide ivero constructed simply as drawn in 

the ilgui'e i therefore the steam that haa 
LOCOMOTIVE SLIDE, had time to get into the cylinder has to 
perform the rest of the stroke exi>anaive!y. 
Lap on the exhaust or eduction side, h h\ is always leas than 
that on tho steam side, and closes the port to the exhaust 
sooner than it would otlierwise be, and thus pitjvents all tho 
Bteam from iiishirig out to tte exkaxiat', the steam reniftiniJ 
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belimd, and the piston acta against it as ao^inat a cusliion, 
aud so all audden jar and stoppage is avoided. Sometimes 
there is no kp, and even less than ko/i^, or negiitive la]>^ then 
the valve cannot cover both poita i\t once. When the sHdo 
haiS neither lap nor lead, the breadth of the slide face is 
eqiiLil to that of the stefitn port, and the travel of the slide 
twico the breadth of the port; but when the glide haa lap, 
the travel of the slide mtist be dotihle tte lap with donbla 
the breadth of the steam port. 

134, Lead. — Let tis sujipose that at the instant the piston is 
at tho top of its stroke, that the slide is in the position shown 
in the lignre of the locomotive slide ^ but that it extends only to 
the top darkly-dotted line, tlien the port at that instant would 
be open for the admission of steam: this is what is called the 
lead of the slide* Bememlier the iap is when the slide is at 
its middle position, but lend when the ptstmi La at the end of 
its sti-oke. The lap and lead of the D slide are explained in 
precisely the same way^ hut the steam side is the inner and 
tho exlmnst the outer. There is always moiie lead required 
in engines tLat are driven at gi'cat speed, than in those which 
work slowly. Again, in engines that travel fast, it is beat to 
open the exhaust 3>assage before the end of the stroke, or else 
the eushioning will act injuriously. 

135, Valves of the Special Pump. — ^We describe these 
valves, which are in a measure self-acting, as they seem to 
involve a mode of action which may be i^^ndered still movQ 
cflectiva and economical both in constructioii and wear and 

^KA. B is tho steam chest filled with steam, the valves and 
^P& contrivance for their working. There is a double &et of _ 
steam jwissagea, a c and a' c\ the same as in the locomotive ■ 
slide ^ and e c' leading from near the ends of the steam chest 
to tho mner end of two smaK cylindrical chambers, s and s', 
formed in each of the cylinder covers^ Both tlie Rmall 
chambers are fitted with a piston, as seen at s and a', and 
kept in theii' places by the pressure of steam on theii- backs. 
is an ordinary locomotive slide ; as shown in the figure it 
ia covering tlie poiis, ao that the right hand is open to tlio 
exhaust, and the left for the passage of steam, consequently 
iho piston is moving to the right* (Wo have 6ii^^TL tA» Tisssx S 
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t}io md of j U Rtmkc.) On the back of tlic valve are a pair \ 
lugR, wUkli lit ix^twecB two collars, D and D', formed on i 
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on the cnth of tho sutne Bpindb arn two pluu^C'rn, 
^, -which work in tho f)mh of thtj steam elici^t. Tli^ 
utoam chest in cast cj^Uinh'ical on piiqioao for thorn k> wost 
ill ; bat tliey f?o rwl work siemii tight ^ but are fitted m^^ 
111 low a iitfcln fitcjira to oacaiio boyond tho plunger, wiiicb 
thu3 gets «hut \ip between the cud of tho phmgcr and tho 
Bieairi uho8t. 

"Wlion the piston arrhT^ at the end of ife Btroke, it strikes 
iigainat tho j^niall HpuHUo in ii\ when tho small vnlve la tlin ^n 
.<jff its soat, tlieroby opening the passage &\ mid putting it in 
' otmiEniniciition with the exhaust; ao that the stt^ani which 
hiis cftcaped beyond tlie plunger F' run a to the exhaiL^^t, whilo 
t!io ateam in tho chcfit betwot^n F and F^ wiil obviously inovo 
tlio valvo to tho ri^ht, and a,lter the position of the shilo, 
jjuttinff the ri^^ht hand poi*t in communication with steam, 
and ojK?nin^ tho left to tho exhaust. The stroke k then 
anade towaitls tho left, and the valve a thrown off its seati 
when tho steam fmni behind F escaping to the exhaust, the 
elitle is mo veil to the left again. 

136. Rotatory Valve. — ^A is a section of a rotatory valve 
as UMod in Hamsbottoi:! a ** Intoimcdial Steam -eDgines.'' 
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is tLo main sliaft, a projection on the end moves the slide 
round and round; the part marked black is the slide ; S is the 
steam pipe ; the steam can freely enter A. As shown in the 
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figure, the port 2 is open for the steam to pass to the bottom 
of the cylinder to drive the piston up, which is now close at 
the top of its stroke. When the opening in A is turned 
round, we shall see then that steam will enter 1 and pass to 
the top to drive the piston down. The opening in the slide 
can be very wide, so as to admit a large quantity of steam ; 
and it is evident that we can allow steam to pass into the 
cylinder during what part of the stroke we please. As the 
dark parts revolve with the shaft, the opening near A is 
alternately brought opposite to each steam passage 1 and 
2, when steam will alternately pass to the top and bottom 
of the cylinder to drive the hollow piston P P. 
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re expansion 

Homblower's, the t'quilibriiim and Cornish double-beat ; also 
the cficiipe valve, India-nibber disc valves, King^ton^s VBlves, 
etc, , with commnnication or stop valve, safety valve, vacunm 
valve, and hlow-throiigh valvo. Any a alve will constituto 
t:n expansion valve, so long as it will snddenly give a kr]g0 
opening for steam, and aa readily cnt it off. When the 
tlirottlo valve is n^ed to regidate the steam supply, the steam 
ia said to be wii^-dmwn ; thi-ottling is when you are iismg 
the Yi\lve to work tlio engines slowly. 

137. Homblower's Valve*— As soon as high-pressure steam] 
came into iise, a vidve waa wanted tJiat would move eaatlyi 
although the pressure of steiim was very great. This valvo 
has the *^ merit of affording any amount of expansion with a 
rapid cut-off and absence of wirtvdiiiwing, aufl a fully opcn^ 
passage to the condenser during tlie whole of the stroke.' 
It consists of one tube slitling withLa another, like teleacopQ 
tubes, with a valve iixed right across the tube; when thtJ 
edge of the inside tube comes down on the valve no steani 
can pass, but directly the tube is lilted it can |3aaa fredy. 
It will lift easily J because the steam c^m press nowhere W 
upon the top circular edge of the tube, 

138* Equilibrium ValveB. — Equilibrium valves are tlinso 
npoii which the steam presses with eqiial force (or veiy nearly 
equal foree) both iq>on the top and bottom, being ready to 
move easily when requii-ed. The following ligui-o wiU give * 
good idea of lui equilibrium valve : — 

* For a good expaaaicin n^yb^ ^aa Ekm^.TOctru Stmrf^^^t 
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S k tke steam-pipo, through which steam m mtroduced into 
Ipie valve - box A B ; 
d b are two conical 
"^alvea on one valve 
fipindle c d, keiit in its 
pkue by the socket d. 
The ateain is i-equired to 
pm at intervals atoiii; 
C. This it will do widi 
full ibrco when the 
Valves are but sli*?ht]j 
lifted njnvards. It b 
mu that if a and b be 
very nearly eqnal, the 
vuive is in equilibrium, 

and only a small foi-ce is required to lift it, for the prossnro 
, of steam on the top of a is counteraeted by that on tiio 
bottara of L 

139, Cornish Equilibriuin, Double-beatj Crown or Drop 
Valve. — A E is the valve-box. 
Steam entei-s it^ let ua say, from 
C, aad is required to go along D, 
after p jassing the val ve. It nLi;Ljli i 
inth equal pixtpriety be supposed 
to tJomo from D and Ije jiaBsitig 
down C. The part drawn with 
ttoa^ linea or Bection^ is a eyHn- 
(Irical piece of iron fitting down 
cm two rings, l h and h' h\ The 
small squares are the sections 
of the rings; su]ipose the^e to 

fjo all round. It is e^^dent that conNisn: double beat valvEp 
whca the valve is down on tlio 

riagg no steam can pass, but tis soon as lifted it can rapidly 
ps& through tlie two openings marked a hi the paths indi- 
cated bj the anowa. Those openings extend all round in x 
«irc!e. A very filight movement gives a largo openuig for 
^eam* The sctit^ b b and U h' are called the beats, ^ome- 
umeg theBo valves are nia^le with tlii'oe or four \>eaia. 

14a ^eape Valve^^Tho escape valves skonld \ia.-ve\»^TL 
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Koticcil wlion ilescfiLIng tko cylinder. TLey arc fitted in tl^o 
top imd bottom of the oyl aider, being kept La their pliicea ly 
■wtHghts or s] I rings. Writer tlmt gets into the cylinder tln'o«|fIi 
coDclensj'itiaji oi- priming, iis it ia intxiinpi'essible, would imnit- 
alily bruivk ko i iit* tiling j wei^ not pi'oviaion mado to allow it lo 
escajMS tLroiigU tli(3 escape valves, Tbcj are loaded witi « 
weight or spring gre^i-ter tlian Hm prcBsnro of steam m tb 
boiler. Test or pet cocks arc also fitted to the topa iiiid 
bottoms of tho cylintlerju in maiiiic engines for the Bame 
pnrpose, TIicj arc always opened on a tailing the cnginat 
and Khnt wlir-n properly nndcr way. Tlie escape valves m 
t(/tnit/s- TV I ly to act, and aro held in theb* places by woightB, 
whii^'h kri p ilikiii closed only so long as the pressure iu tlie 
condenser in l:>eiow that in the boiler. 

141, Snifting Valve or Tail Valve. — Tlw mti/tinfj mh 
is placed in comninnication witli the condenser, to allow th« 
air to eaca}X3 shoidd the pi^sanie of air become too great m 
the condenser. It was ixiierred to in describing Newcomeu's 
engine, and should ha\^e been shown in Watt's iDjproTemcati 
at the bottom right Inind comer of the figure. Before start- 
ing it is custoniaiy to " blow through/' when the cendensfJ 
is cleared out, and any aii* there nuiy be in the eondeim^r is 
drLVen out thi-ough the snifting valve, which is lifted on [Ait- 
pose. A snifting valve is not always fitted to an onginOi 
bcciiuse tbe air punipa take olTtho air. 

14a. Commanication or Stop Valve. — The pnqwBO uf 
the commimicatmn or stop valve is to allow the steimi to y^ 
from the boiler to the engine. Wlicn it is wished to stai-tp » 
handle ia turned round, which lifts generally an ortUniuy 
conical valve from its scat, and the steam passes at once into 
the steam pipe to the slide rasing, etc. A commimiciition 
valve ia fitted to each boilerj so that when an engine l^ 
EjcYoral boilers, any one or moi^ can be used without the 
others. Tbe regulator in the locomotive corresponds to the 
commiinication valve in the marine and land engine. 

143. India-rubber Disc Valves.— The^ are employed, espe- 
cially in swift r winning engines, for air-pump valves, insfci*! 
of the common butterfly or clack valves. They ai-e cm- 
structed with a ring or disc of India-rubber covering a gratin^- 
A B is a cii-cular piece of good thick vidcaiii2cd India-rublfc*"; 
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C D 13 tlio grating otct which it ia fixed ; the an'owa eliow 
jthe diTBction in i^hicb tho water xiassea^ The gmting ia 
very simiLir in conBtruction to 
fehoie employed for air-gratings in 
floors. E i& the guard to keep tho 
iBtlia-nibher froiu coUapaing iiito 

heap. All thesG are boltoil to- 
gether by tho holt a L When 
^iter haa ]»a?iHcd througli the aper- 
tures h\ CD J and the pump aacoudK, 
tlie pressmxs of water on and 
above A B laya it flat on C I>, 
BO that nono can return. But on tho down atrnko, tho 
kdia-rnhber being pliable it gives way^ and tho water pai^fltri 
idiOTO tlie valve* The guard has apertures! in it. 

144* KiEgStOU's Valvea are conical valvea with the largest 
Old downwards. They are fitted to eveiy opening below tho 
'water line in a ship. Tho largest end is presented to tho 
pieasur© of tho outside water, so that in attempting to get 
into the ship thi*ough any orifice where they are fitted^ the 
T^ter actually closes it up more ti;;3ditly, and ao leakage ia 
piievented. They are opened and shut by turning a screw 
by ita handle ; and when open the %'alveB come outbid o the 
sHp's bottom, but thei-o is a guard to prevent them being 
opened too far. 

145. Blow-through Valve. — ^The blow-throtigh yulve of 
M engine ib used to di4%^e out all water from the cylinderg, 
caauxgs, and condensei-s before Eftai'ting, It is plaeed at the 
Iwttom of the slide ca^ng ro as diitietly to communicate with 
the condenser. But sometimes one is placed at each end of 
tite eylindci-j and worked bj a handle fi'om the starting 
flatform. Some engtne-makera lit a small locomotive slido 
fcOid jjorta for the piupose, which can also bo xm}A to start tlie 
feigines. Before the engine ia started, steam is admitted 
through the blow-th rough valve, and the cylinder first cleai'cd 
&f ttir and water; tho steam passing on cleara tho condenser 
n the same way, so that as soon as tho engine begina woi^lc 

good vacuum is obtained in the condeuBer. Tliis last ia 
he chief object for which bJow-through valves arc ^tteiSi, 
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tke back of th6 slitlc cannot enter ibe cylinder unless ibe 
long B slide Ito lifted up or down, neither can it go to the 
condeuMt^r ludesB the LloTv-tln'ongli Viilvo B be 0|>ened hf 
means of the Laiidle /*, When the valve 
B i» lifted oil' its seat, then steam an 
freely pass to the condenser, and him 
out all air and ^*ater that may he in it; 
%yhcn no blow-thi-ongh valve is fitted, 
hy the tedious process of alternately 
letting the t^tcani ]ms3 to the top antl 
bottom of the cylinder, by raising anil 
lowering the slide, the steam may be spnt 
to the condeiiijcr, frani wliich it will ia 
time expel the air and water. 

146. Balanced Slides* — Wlien &t?m 
of a higher pressura began to be used in 
cnginea than was customary in the dajB 
of Watt, the general size of the slide i-ods^ eecentric rmlii 
bandit, etc., wei^ found to ho too weak to perfoi-m their ^ovki 
so that in largo engines, such as tiiose that were used in our 
large ocean boats, these paits were made enormously strong 
and out of all proportion to the rest of the engine, from which 
a gi-eat amount of power ^vas taken to move the liiu^ 
slide valves, when their wholo baek auifaces were ex|>c>ficd ti> 
tho pi-essure of the steam. Engine-makera seeing this took 
the matter into considemtion, and arrived at i-esults ^hklx 
i^elieve the slide valve of most, if not aU, of the j>ress\u'e ; by 
these means the appearance of the engine has been greatly 
impi-oved. The steam-hammer was the fii-st engino iii whick 
it wafl attempted to fit a balanced valve, because, perhaps, 
the glide valve l^eing worked by hand, the evil was felt too 
acutely to be longer neglected. A piston was fitted to * 
cylinder, which was placed above or at the back of the sEdfi 
valve, to which it was connected by a rod. The ai-ea of th< 
piston was made a little less than the area of the slide valve 
a b c d ef fj h is the slide casing ; Y is the valvo, and Y f 
the valve rod; to the baek of the valve, by a ball an< 
socket joint, is attached tho rod jt?, which is fastened in * 
similar manner to the piston t. When steam enters ih 
valve casing through O, it will press heavily against th( 
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f "back of tJio valve. It will 

! piston i m the opposito 
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'essure, and more 
allow Bteani to pass tkraugh * or to the 
exhaust n. 

It ivill thiia be ^een that thf^re is just 
or nearly the sanie force pressirig a^inst 
tLe valve as against the piston, or the 
Talve ia balanced. 

We -will now exjdain another and 
OHO of the best plana yet tvdopted for 
bflkncuig the slide. The back of tlie^ 
wlide jacket cover is first pljined. On 
the back of the slide valve is cast a large 
eircular recess, iTliich is further txurued 
in the lathe, and into Avhich is fitted 
a metallic ring, Seveiul sti-ong springs are placed at the 
bottom of the recess, which force the ring out against the 
pliined suiface of the jacket* It will thus be seen that 
at the back of tho slide valve there is o- large circular 
Bpace on which the ateam cannot pi-esa at all, only on tho 
ft>ur comei-a of the vmIvo, There m also a communication 
kept open between the space inside the ring and the 
condenser, by which means the condenser vacuum is in 
cannection with the back of the tOide, and is made to help to 
^w off the valve from the face of the porta, so as to coim- 
ttypact the pi-esaure of the steam on the four corners. In fact, 
it htts been calculated that when these engines are vrorking 
irith a low steam pressure and a good condenser vacuum, 
is a good pressure tending to dmw off the valve from 
face of the cyliiider poi-ts, 

danced valves have been shown to possess so many good 
<|ttalities and advantages, that no large engine is made without 
wpin now by any engineer who wishes to get the greatest 
JWnount of work with the least possible outlay. 

147* Facing Slide Valvee*— The fiices of the slide valves 
Efintft lie so }ii'cpared tliat steam will not be able to find ita 
^^ay between them and tho nozzles of the cylinder into the latter. 
51ie valve being cast, tho faces are first planed in the planing 
niRcbine a^ true and smooth as that machine i?nll makfe \Kexfiw. 






Then a finB or smooth filo is taken, and the faces arc M I 
witli it till all the marks made by llio tool of the plimins | 
macliine are takon out The valve is next niLbed agiiinfit a 
BUifiice plate (a tmly flat surface), en which is spread a tliiu I 
coveriiig of ii*d lead and oil, this marks with red le^-yl auj' ' 
ine<^iialitiea that may now exist on the valve face. A Rcrap 
or Hcnuwr is then tidten, which is Rirnply a f^at piece of steel 
with ft Y(iTy tino edge iiiiely temperod and sharpened on ^ 
oilstone, it is held in the hand, an<l all maiks of red W 
are scraped oflT from tlie blido with it. This is repeated till llio 
valve ffiee hejirs all over on the suiface plate. 

Tlie valve is now covered with the red lead and oil, mul 
applied to tlift face of the port on the cylinder^ when the red 
lead marks left on are Bcmpcd off as before, till in. its turn 
the valve face IjeariJ all over the con*esponding face on tlio 
cylindor. We thus get a perfectly ateam-ti^'ht slide valve fiic^ 

In the American locomotive whops it is now the practice to 
put the alitlo valvea in as they come from the planing mi^chme^ 
writhont any other pit'paration whatever; after a few daW 
working a very good beimng 13 fonnd to have cstablighi^d 
itself. 

There appciirs to be a general opinion tliat a large amomit 
of time and money is wasted on the preparation of slule valve 
faces hy making them lit so nicely 3 for wdicn hot, the aiaomit 
of exjianaion of the small thin part is unequal to the hiiijor 
and thicker, and thus^ it m aven-ed, the truth of the ^Hdo 
vaho ia destroyed as soon as it ia put to work. 



EX1[RCI8ES CHIEFLY FROM EXAMINATION TAPEES. 

1. Describe the long D slide (1S07). 

2. Wliat IB the use of the e^tpanaion vftlvo ? Show hy a diafmo 
the pressare of the steam in diBt^rcnt parta of tho stroke wfaen wi>ikt'«i 
expanBively (1867)- 

For latttjr {jart of question see chapter on the indicator* 

3. Give SL short <le&cription of the conmiim D filitle, the sl^ort P 
slide, jixid Seaward *3 alide* VV^liat kind of jslido is used for dcinUfl 
cylinder engines (1SG7) ? 

4. The length of a gnh lever ia 10 inches, and tho travel of the 
dide is 12 iuGhog | ^^d the travel if the gab kv^ be i|iQ|tenfld I 



The gab lever k the kver to wMcb tho ecoetttiio rod ia attached 
to work the slide. 

If L arid / be the length of the gab lever, and i and f tho travel of 
I^^Me njspoctively, we have the followiug inverse proixyrtiou ;— 

^Wia reaaoit is obvious, for if the g&b kver be shortened tho eC' 
«etttric rod, or the throw of the oecentrie, remaiiiiiig the aame, will 
'tnove the ^koH gab lever through more degrees of a circk than tho 
lorigief one. Hence the flhortcr the gab lever the iongor tho travel of 
titodide. 
Ta Boive the above qucBtion, shice 

^_ L;l\:i* :i 

^^ ,\10;D::^tI2 



^.^ 12X10 ^jgjJ^^J^^^ 



i B. What k meant by lap ? What h the differenco in the working 
rOl two en^nos, cue of which has kp to tho slidfiB and the other han 
'M 11S67) ! 

6, Deseribe an ecjuilibrium valve. The upper side of an equilibrium 
jalve m 9 inches in diameter, and the low«tr side 8 inebea ; find tho 

l>over nccesfiary to lift it when the steam is 16 lbs. abovo that of th© 

fttmnaphcre, ii the space between tho upper and lower valvea be a 
; vacttmn {imj}. A7iJi. 413;9 Iba, 

I 7. Deioribo generally tho aido lever marine engine* What is the 

flijjed of the blow-through valve, and where is it placed ? Which 

pttta of tho engine are made of brass, and which of uo^t or malleable 

Mem respectively (1870) ? 
a. Explain the principle of an equilibrium valve, and illustrate 

yottr explanation by referring to tho Comiah doublo-bcat or crown 

Talve, In a double- beat valvo the internal dmmeters of tlie two seata 
I ifeSjmd 3| incbea, and the weight of tho valve (IS Iba,, what head 

Witer could be hekl bach by such a valve, before tlie pressure of tho 

ifater would cause it to lift ( 1S70) ? 
It will keep back a prossuro of 6 '99 lbs* on the scj^uare inch or 

15 '57 feet of water nearly. 
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Effeetive area of valve x preasur© = weight of valvo proper. 
G* - iH) ^ \ ^ 7854 xpTCaBure=63 lbs. 
. \ pressure = 5 "99 lbs. 



0. What is the distinction between a single and a doublo acting air 
piQipT Sketch both forms of air pump, shoeing the valves necea- 
fewy in cither case. Describe the Judia-nibber disc valve { 1870), 

10. Deacribe some form of shdo valve aa Jitted to the steam 
^'liruler of a double acting engine. Sketch the valve in section with 
tte openings over which it slides, and give iome aecouai Cil \k^ ^t^ 
tk steam £do. Mow Is tke £^q of Budi a valve Tm>M troiW V^sjoa 

Ib. L^ 



11. For wTiat purpose ana eseape valveft 

marine engiiieaT How are bucIl valves kept cbged, 

mines tile leaflt amount of load wliich must be put on them {U 

12. Show that a eingle elide valve will sumce to work a 
acting en^c, in tlic pla<:e of two steam and two exhaust 
ExpMn with a sketch tho action of any elide valve which jg 
(1871). J 

13. Define the kp of a alide valve, E^cplaim the effect ^m 
Adding lap, (1) to tlie Bteum side, (2) to the c^s^aust side ol 
ahowing what woidd occur if there were no lap on either side 

M* A pum^ valve is made in the form of two ringB, each 
wide, ana of internal diameter 6 and 12 inches resi>eotivel; 
Ih the area of the opemogs of the seating, and w^hat ahoi ~ 
lift when the valve is full open (1871) ? 

Am. Area 29*8452 inches. 

15. Tho safety vslv& on the boiler of a locomotive is hel 
a kver and spring, aktstch the arraiigement. A salctjf vab 
in diameter is constnioted, so that caeh jxiund of addition 
per square inch on tho valvo corresponds to 1 lb. preaauPS 
spring, what are the relative distances of the fipring and val 
the fulcrum of the lever! After the valve ia set, liow much a6 
|>reaeurc per ^quaro incli mil be necessary in order to lift it i 
inch, the epring requiring 10 lbs* to extend it 1 tuch (1871) T 
Am, Eelative distanoes 2 : 25, 
*497 lbs, 

10. Dcsmbe the locomotive or three ported valve, m ap 
engines of short stroke. Why k its use restricted ? Shoi 
jLflded to the valvo produces au ea^pansiva working of 
(Honoura, 1371). 

17, Describe the long D slide. The cover of a valve ig 
\Fher*iof 1^ inches ia the lap on the steam eide, and i inch is th 
the exhaijst side ; if f inch is allowed for lead, what will 
nmouut of opening of the lower part to the exhaust when thi 
is at the top of its stroke ? Why is the lap on the exhaust m 
so much lesa than that on the steam side (1S7Q) t .^ 3 

Am. M 

IS. Describe some arrangement of expansion gear snitab 
marine engine. What form of valve should you employ (187( 

19* tihow how to find tho proper length of the cccentrio n 
engine. The travel of a slide ia to bo increased from 13 to IS 
what alteration must be made in the length of the eccentr 
whose original length waa 12 inches (1SG3) ? 

Am, Gab lever mnat be shortened 1| 

20» DeBcnl>e the safety valve* If a circular inch be allowei 
area of a safety valve for every 200 square feet of heating 
what m\:st be the diameter of a valve for a boiler whose 
surface is 1,200 square feet (ISGS) ? Am, 2'45, 

21. Descrilie the Cornish double-heat \^alvo (1868)* 

22, Describe tho Cornish double-beat valve witii a sketch { 
4?5i TUgig aro two V2j.ve3| tiie ^ki2iaiwi\fct c^l au^ m 2-5 ia« 
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tlian that cf tlie other, atjd tho enm (^1 their area ii the B&me as that 
of a valve cf 11 inches diameter, imd their dimcmaioiia (lSC(i). 

Am. fi'4 and Sa 

24 How 13 the eliile of mi engine placed in the middle of its etruko 
(when adjusting the alides) (ISGtJ) if 

25. What in tho tise of thts eylindei- escape valves ? The steam 
pressure of a boiler is inereased from 12 to 16 lbs,, how much must 
the weight of the lead cylindrical weight on the valve l>e increased, its 
diameter feeing the same as that of the valve, and a cubic foot of lead 
weigiiing 710 lbs. (iSGti) ^ The question as it stands is absurd, tho 
weight would he a yard high. 

An,% 7 '3 inches in length. 

^6i In some double acting engines the valvea connected with tho 
iteam cylinder are double -beat valvea worked by canip. State tlie 
ailvantages of thia system, and explain the principle of a double-beat 
valve (Hononra, ISfl). 

27. Describe the locomotive and long D alides. Tho travel of a slide 
11 14 inches, depth of the poi-t 6 inches, and the alido is abort on the 
eichaiuat side | inch ; when at the middlo of the strokej bow far doea 
the slide go below the lower edge of the port on the exhaust aide at 
the extreme of its stroke (1803) ? 

Am. IJ inehos. 

28. Describe the long D slide, and ahow how it ia workod by the 
eccentric. How h the packing of tho slide at tho upper and lower 
ends lubricated (1S64K 

29, Describe the safety valve of a locomotive boiler. Explain 
Bonrdon^s gauge for ascertaining the exact pressure of the steam in a 
boiler (ISGJ)). 

30, How ia the scale of tho barometer gauge graduated? What 
error is introduced by having the scsle lixcd ? To what extent will a 
thermometer, having its bulk inserted in the condcnaer, supply the 
place of a barometer gauge (1863) ? 

3L Give a sketch of a blow valve and a snifting valve, and show 
why theso valves require no spring nor weights to keep them in their 
«eat (1863 and 1S64). 

The blow valvo haa steam above &nd a vacuum IkjIow. The snift- 
jng valve, wMch is frequently kept in ita pla.ce by a apring, has the 
atmospbcro above and a vacuum below, 

32, Explain the meaning of the terms cuahioning, lead, and lap. 
On what is lead made to depend (18G4J1 

33* In what way is steam admitted into tho cylinder ? How is tho 
apparatus worked (1865) ? 

34. Describe with a sketch soma form of alide valve, as comiected 
ynth the ateam cylinder of an engine, and explain its action (18ti§). 

35, Deacribe die method of working a slide valve by B.n occentrio 
{I8C9). 

3d, Describe Kingaton's valve. Show how to aaccrtain the degree 
of aaltnesB of the water in & marine boiler (ISGO). 
I3ce chapter X» 
37- Dmmhe mmte form of atcsLm sHdo valve ada^lei lot a. ^q^V^ 
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iwUng engine. How nire the fmm of sweh a valve prepared go sb to 
make it BtoAin tight ( 1S09) ? 

38* Define the Jap of a slide valve. What is the object of putting i*ip 
upon a slide ? T^liat is meant by the lead of a, valve, ana iffbat ooH' 
fiidc rations determine the amount of lead (ISG!)) ? 

39. Deacribe and explain some form of e(inilihrium valvo. Tha 
diameter of a steam pipe ia 12^ inehea, the ujjper and lower diacfl of an 
ccinilibrinm valvo bemg 12 and 10^ inehea m diimieter reapeijfcivdy, 
^'hat will bo the lift of the valve when the pipe ia fnlly opeii (1S6&}1 

Am. l*736iflches. 

40. Deficribo Kingston's valvo. Rketcli tJio arrangement ol a (^ 
pump and tho vnlvua connectod \nth it. How an; India^nibUt 
am^iuar valvoa made imd fitted (1S09) ^ 

4L Desciibo tho blow valvo and tlio snifting valve, and why tbo 
former ia not m important aa formerly?* Tho diameter of a blow v^'^^ 
is 4-5 inches, and tho eteam gaiigo at 23 inches, what fore© i& teqairwl 
to lift it before and after a v^acnnm haa been created in tbo ooudemor, 
the barometer gauge in the latter easy standing at 24 inchoa (ISffJ), 

Am. 650 0,12 Kjfl. 

42. Give a deBcription of the gridiron valve. A gridiron valve hw 
three openings for steam, each 16 inches by 3, find tlie total opening 
for steam. ^wj*. 144 LoctiGS. 

43. Describe the short D ali«le j explain its action^ and state in what 
respect it dififers from the long D, 

ft. Give definitions of '^fullstoam," "cut off," "angular advance," 
** linear advance/* and "travel of slide/* 

The travel of a slide is the sum of the distanccfl it moves np and 
down from its mid position* 

4o. How do Seaward's sUdea differ from others, and what is ipeant 
by the steam and exlianst side of the cylinder. 

4Vh Describe any form of valve that is self acting. 

47. What is meant by a " rotatory valve ? " 

48. Explain the term * * balaneiid slide. " Why do ^des t&^V^ 
balancing, espocially those of the at^iam hammer ? 

40. Describe Homblowcr^s valve. 

50. Give a sketch of a *^ snifting " and * ' hlow-throngh valve.* 

Hlj^bcr preHniTS ateam is use J, And IhnKfon in starting the etigfneer L» nai 1^ 
dti|tttiel Eu umoh ab funueily npnii a good Yocanin. 



CHAPTEB 
THE BOILER A^D ITS APPENDAGES. 
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■ l>0li4iitidii— Haytjock, Haystack, of Balloon Boiler— Wnggon Boiler^ 

■ Flue BoEera— Length imd Diameter of Fluo — PkW— Marine 

■ Flue Boilers^Blaat Pipe— Steiun Chest— Locomotive Boilers— 
I Field's Boikr— Galloway's Tubea— Vertical Boiler— Comiflh 



Boiler— Fusible Plup— Clotbinff Boilers— Copper Boilers— Teat- 
iiig-- Wai'jr Haat<jra^Surfaco Condeuaatieii — CircuUti 
— Ejc3ctar Condenaer. 



The Ijoilor ia the vessel in which steam to drive the engine 
is genemtod It has received vanoTia shapes from early and 
late engmeora, such wi haycock or liaUoon, waf^gon, s]>hcre, 
hettdsphere, ring or annidar, flue, Lancasliii'o, Comisbj and 
neturn-tubtilar, Field^Sj etc. Tho early boilers wero veiy 
defeetivo m their construction j being actually made of cast- 
iron with leaden or wooden topH^ and oven with wooden 
shells hooped like barrels, and often with flat surfaces — tho 
weakest of all forms ; but then no tlanger arose, for tho pres- 
snve seldom or never exceeded tw^elve or fifteen iwunds on the 
sqnare inch; but noWj when boilers have to submit to ten or 
twelve times that strain, care, thought, and diligent enquiry 
aiie absolutely necessary. 

If, in the construction of steam boilers, strength alone were 
studied, the spherical form would bo adopted^ Ijecause it is 
the strongest of all forms in which a vessel can be made if it 
is to resist either internal or external pressxn-e; but although 
such boOers have been used hero and there they will never 
cmne into extensive nso^ becaiiso they have not a large amount 
of heating surface. Tho cylindneal foi-m is next to the 
spherical in point of strength, and superior to it in I'sspect of 
Bti|x;rfichd area or heating siufacc, hcnco this form is very 
generally juloptod. 

148, The Haycocki Hayetaek^or Balloon Boiler, perhaps tho 
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earHfisfc iised, Had for its lower paii; the fm&tnim of a cone, jmJ 
ita top a liemifipher©. Borne of these maj still be Been at 

old mmea. It is said thlt 
more explosions have oc- 
curred T^dth the^e hoilers 
than with anj other clusi 
Its shape is inhermtly 
weak. 

149. The Waggon Boiler 
has been more extensively 
used thrm the last laahapo 
it is somewhat like a m- 
rier*s waggon. Tho fire iB 
placed beneatli tho bottoDL 
It was employed very mucii 
by Boulton and Watt; being 
surrgimded with brickwork fines in such a manner that tb« 

heated air and gase^ CJOtilJ 
run all ronnd tho low^ 
jxirt of the boiler. Th^se 
aj^ not strong boDers, they 
reqxiixio m^icli stayingi 
When an explosion takes 
place, they generally give 
way at the bottom. 

160. Flue or Cylindrical 
Boilers (external preasni'^)* 
— Tlioao are a great stride 
beyond the last, and ap* 
pTOach the true shape of a truly efficient boiler. They con- 
sist of a largo cylinder with one or more fines [mesmg through 
their whole length, which aro genemlly bnilt of plates af 
tiie same thickness as the other parts of the boiler, bat 
experiments prove this to be a vicious system, 

^ue boilei-s i^simie majay different arrangements as reganif 
the fines. The next ligtira shows the return fiue boUer. At 
first the flue went right through, the fii^eplaoe at one end 
and the chimney at the other. It was a great improvement 
and early introducod, to let the fliie curve roimd at tlie 
furlher end and I'etum to the fronts so that chimney and 
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firepliica wero both at tL© same end. The fireplace is seen 
to Uie left, and the chimney on th© right of tho front, while 
tbo clotted lineg show the ^=^ 
course of the flu^ in the boilen 
When the boiler has but on© 

tttbe miming from end to end, 

it is generally called a Cornish f 

boiler, and when two it receives 

the name of I^mcashire boiler ; 

\)ub^'e Lave exjilained a little 

iiirther on with an illustration 

the real distinctive features of a 

CJoitiiah boiler, and it must not ho left imstated that wo may 
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8|mk: of a two-tube Comkh boiler ; hut Btill it is a very 

common mode of distinguishing boOers 

of one and two tubea from each other, 

especially in the Midlands, calling 

tliem respectively Cornish and Lancar 

iliire boil el's. 

151, Elephant or French Boiler* — 
One of the most oxti-aordinary forms 
given to boilers is shown in the annexed \ 
illustration, which is not only a very bad 
form of boUer, not being economical, ^^^"Ant or frksci± 

1 ^ . ' . - 1 * ^ * BOILER. 

but it IS a dangeroiis oue. 

153. Length of Flues, — £3ometLmes fees aro mado to mil 
the whole length of the boiler, twenty or thiity feet, without 
any supports. Three tubes were taken, four mchsa m 
diameter^ of the same thicknwB of iron, svippo"rtied ^ ^^^ ^a^ 





by rings^ liut rcEqiectively nmetcen, forty i ajid sixty mclio 
long, PresmiJiB waa brought to beax upon thcni, tind thej 
oolkpsed at 137, 65, and 43 lbs. por aqtiai-e inck This 
clearly demonatratea that tho strength of similar tiihea to a 
colUpKing iiTcssnre, is in inverse proportion to their length. 
Two boilor flues forty-two incliay in diameter, three-eigMhs of 
an inch thick plate, and twenty-five and thirty-five feet long, 
ci>llapsetl — the former at a pressure at 97, and th© latter at 
27 Iba. on the square inch, 

153. Diameter of Fluea.^ — The greater the diameter of 
a fluo or cylindxical boiler, the weaker it m. Its strenfTth 
varies inversely as the diameter, i,e,, double the diameter, the 
strength is diminished by one half. From experimeata: 
three five foot tubes, four, eight, and tweh^c inches in diameter, 
about Tf^T of an inch in thiclaiGSB, collapsed at a x>ix3ssin^ of 43, 
20-8, and 12^5 lbs. on the squai-e inch i-espectively, 

154. Thickness of the Plates* — The strength of Jim is 
augmented with tho thickness of the plate in a littla 
greater praportion than the square, i.e.^ if a plate one-eighth 
of an inch tlncfc beai* a certain atraui, then one double the 
thicknefis, or ono-fom^h of an inch thick, will bear a strain 
equal to 2^-^", or moro than four times Jis great ThcD, 
because tho gi^eater diameter of a tube the weaker it is, 
and because, also, the strength of a plate increaaea with its 
tihickness, therefoi^e the thickness of a tube plate should be 
in proportion to the diameter of the tube; or, the plates of a 
two feet tliameter fluo should be, within certain limitSj double 
the thicknesa of those of a one foot iluej or, if the plates 
of a one foot flue are one-fifth of an inch thick, those of a 
two feet flue should be two-fifths of an inch thick. 

Mr. Faii^baim, to whom we ai'e indebted for these impor- 
tant experiments, and from whose valuable work, IJmJnl 
Information for EiigineerB^ these facts are culled, proposes a 
remedy and modification in tubnlar boiler tnhes, which have 
hitherto been constnictod without a correct knowlcxlgc of the 
Ifiwa of nature. He proposes that strong rings of T or angle 
iron shall he riveted at intervals of 10 feet or less along the 
flues, thus practically reducing them to seveiuL tubes of short 
length, and, therefore, considembly increasing their strength. 
He aim propoaes that they Bbonid Drfst \3^ foicmfid mth tho 
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usual Inp joints, but with rivetcsd butt joints^ and longitudi- 
Hal cQverLn^ jikteg. 

155. Boilers* lEtemal Pressure. — Ho also showa that tlie 
tensUe sti'eugtli of a boilerplate m nearly tho same whether toi-u 
asunder in the direction of the fibro or ticrom it ; and that 
lieat doe« not affect their strength op to 316°C\, above which 
they rapidly become weaker- liivetiiig induces the tenacity 
of a boiler or the bursting pressm^ ii'om 23 tons per isqutu^ 
inch to 15 tons. Oylindiical bo Lid's made of the same thick- 
nmB of plates throughout are more liable to give way along 
ihe aides than at the enib. 

The extei-nal ahell of a boiler is three or four times Btronger 
than the Hue, if both are constructed iii the oixiiiiary manner; 
or, the out aide shell moi^ easily resists tho bui-sting pressuro 
than the tubes can the collapsing. But if the flues are di^^ded 
into lengths of 10 feet or less, by strong ribs of angle iron, 
their resiatanee is enormoLisly increased. Cylindrical boilera 
must be strengthened in the same way, but aro considerably 
weakened if made elliptical instead of cylindricah 

156* The M&riue Mue Boiler,— In this boiler the fii-e- 
pkees arc within tho shell, and the flues wind hack^^rda and 
forwards until they discharge th« remaining heat up the fun- 
nel, the furnace (or furnaces) being at the end of tho boiler, 
below^ the middle of the water. The heat iitst de^acenda to 
the bottom of the boiler and towai-ds the fai-ther end, it then 
winda back towarila the fumaoe, and turning up and back 
comes now to the bottom of the funnel, near the centre of 
the boiler* 

157< Thf Marine Tabular Boiler.— In tubular boilera the 
ieat IB allowed to pass into and though a soiies of tubes 
which run throi^gh tho water. They ai'o chiefly employed in 
locomotive and marine engines. 

The figures on next page represent {1) a longitudinal 
Boction of a marine tubular boiler, (2) a fi^ont view^ — 
partly in section, to give a better idea of it, and showing 
four furnaces F P, with the ai^hpita A P. The smnll circles 
represent the ends of the tubes, WW ia the water in the boiler, 
www the water around the tubes^ the spaces between them 
are the tubes themselves, w l is the watei* level* In the left 
band figure© F P is the iii^eplace, B the bridge. The coal is 
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first ibrown on to tLe dead plate D to \irarm, it 13 tlim 
pushed on to tLe iii-e bai-s a a. The fixe bai-s are in lengtlis^ 
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1. LQUffiiudinal JSection. 2. /'rcJHi Ekvatton, 

tubjjjjlR boiler. 

and tlie ends are not close together, to allow for cxpanKion. 
B hi tlie bridge to preyent tlie fir© from getting too far hm^ 
m the furnace j the bridge some times forma part of the boiler 
itself — a very bad practice — but is more frequently built d 
Stourbridge tire-clay bncks. The heatetl aii* and gases jiasa 
over the bridge through the loisrer tubes cccc into the firo 
box F E, then through the tubes e e r e into the smoke box 
B B, and np the fimuel or uptake F. The smoke box ha« * 
door opening into the engine room, so tliat the tubes may be 
cleared out should soot, etc., lodge in them. They ailso sluni 
a lilitle, the short ones towards the fire box, the longer ones 
towards the snioko box ; so that the heat may receive mort 
resistance in passing through, and have a better ebanoe cf 
communicating its motion to the water, 

The next figure is another form of marine tuTjtilar boiler> 
■which has been much used in compoimd engines. The bodcfa 
just described are not constinioted to bear a very grtstt 
pi*es8ura of ateam, but those on this principle ore^ 

In this figure the references are the same iis in the last. F? 
is the B.I-B place or furmu^e, A P is the ashpit, W the watdi 
W L the water line, ccc the tubes, F the fimnel— the bottom 
af which in thia arrangement answers both for fire box aa^ 
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eaoke 1ki3C !Eatli fireplace liaa its own boiler, wliicb can be 

tept peifectlj distinct, aa wiU be cxpLiined when s|>eakLng of 

tie cominmiicatioTi val ye. 

&. B is tbe superbeating 

apparatus ; tbe steam 

leaves tbe steam cheMt hy 

pa& passages a o, and 

tpassing in and out 

i tlarougb tbe tubes witbin 

5 A B Lecomeg further 

Ikatecl, by tbe hmt 

passmg up tbe funnel, 

und is oaiTietl off by the 

Bteam pipe S P to the 

t^lmder. At W S tbo 

i?astie steam returns 

tlirougli tbe exhaust 

pipe^ and rusbing up tbe 

eHnmey creates a 

^igbt, answering better 
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tbaJi a blast, and givmg 
flcgine-maker a chance of making bia furnace smtdb 

158, Tbe Blast Pipe is a pipe leading from tbe boiler into 
the fmmel to create a draught while getting up eteam ; but 
irhen tbe engine Is moving (non-condenaiog engines), tbe waste 
BteajE passing thi'ougb tbe waste steam pif^e peif orms tliis oibco. 
The steam rushing up tbe funnel leaves behind a vaeuum, 
'vhm tbe air, rushing tlirougb the fire bai-s to supjjly its 
place, gives up its store of oxygen to combine with tbe otber 
prwlucta of oombuation, and intense beat is produced. It 
^tBs thi"? contrivance that so efficiently assisted Btepbenson 
to Win tbe priae of .£500 at the memorable comj>etitiQn at 
RainMll, wben bis engine , the Rocket^ now in tbe Soutb 
Kensington Museum, defeated tbe Novelty and Sanspareil* 
He also used coke aod a tubidar boiler. 

159* Tbe Steam Chest is either a donie above tke boOer, or 
fslae the uj>per part of tbe boiler. It is a reservoir for st^im, 
10 that sbould the engines be using steam faster than the 
evaporation of the boiler, there is a supply to fall back 
upon* 

Tbe little sqimrea marked witli a dasb (') in tbe figure on 



jmgts 1 50 aro sections of t.Iie beai-ing bars wliicli nm across ^ 
fii\> [flacea to siippoi't thn iii*o Imrg. 

160, Locomotive Boilers. — In tho figtxne on page 138 
Biii»]K>sc tiie firopUuici ixsujclies up Ligher, imd that all tlid 
tiiljeg are of the Bamo length, but longer, and that tho smoke 
box is wliere tho tiro box is, and the funnel above it, you 
Imye then a verj good ideti of a locomotive boiler, Tlio 
firepIacQ is made of coi)per, being better adapted to licar tlio 
intense heat aiid a better conductor tlmn iron, it therefont 
oonunniiicates tlie motion more readily to the water. Over tiio 
fireplace is a part of the boiler quits ftaL This is theoreticallj 
tho weakest pai-t of locoinotivo boilera ; and, thci-cfore, it is 
well strengthened with angle iron, giiKsets, rods, etc. 
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A full exphmataon of the locomotive boiler, with %ire3 
of tho different dotaik, is given nuder the proper heiidinga in 
the cliaptor on the fjocoiiwtwe^ 

161. Tlie Field Boiler. — Tho Field boiler, named after its 
inventor, is an ordinary boiler, with the bottom, or par* 
immediately over the iire, consisting of a series of verticw 
tubes — or rather two tnbea, one inside the other. These 
come down towards the fire. The peculiar action or advant^ 
of this boiler depends nj>on convection. The heat of the ^ 
in contact with the tubes heats tho water between the t^^ 
tubes, which immediately ascends, while other water moves 
down the central tuho to supply its place j so tiiat, as the 
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lieatetl water and steam ascend, a constant circulation is 
promoted, and other water ia l>iTnigb.t in contact witli the Iieat. 
162* Galloway's Conical Water Tubes are mi application 
of the aamo principle. Tiiej are exceedingly well adapttvl 
far flue boilei-s, being nsed to connect the bottom water with 
tliat above the flues ; as the water in the tubes is heated it 
ascemla by convection, and a consttmt cii'culation iis kept up 
between tiie lower and upper water. They are of the bojuq 
thicknesa as the boiler plates, and their fieams are riveted; 
they are, therefora, not liable to leak or spHt, while they act 
as very strong ateya. 

163. Vertical Boilers.— Vertical boil- 
era assume many £ihai>e3 internally, 
although their outward appearance cor* 
responds very much to tho figau-e in 
the margin. Vertical boilera aro used 
in steam cranes, hoiata, and often in 
portable enginea, and in Samnera ex- 
press locomotive. Li thia flj!|in^ F B 
is tho flre box ; the lettera W W show 
tho water spaces, IVL tho water liiie. 
It is seen that tubes leave the boiler 
immediately above the fireplace, and 
rejoin tho water at the crown of the 
furnace, E% idently from this arrange- 
ment the convected water will Lave a 
free rise, and a given qiiantity of heat 
wOi produce a fair amotmt of evapor- 
ation. In vertical boilei^ vertical tuboa 
aixs used J as in SamueFs locomotivo 
mentioned above ; but verticid tubes by 
no means constitute a verticid boiler. 

164. The Comish Boilen— The 
Coimah boiler is a long cylindiica! 
one. Its pecidiai'ity is in the internal 
arrangement of the flues, which can 
he best imdei*stood by well exaniining the foUowinfT figiires. 

D is a longitudinal section, E a cross section, Tlio linos 
of shading in both figures show the water, c def is the flue^ 
in tho right hand of which ib the ikepk^ aad ^^dx ^li. 
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Tmmodiatclf l>c1pnd the fij^ l>rit]g6 B is a lai*gB ttik ua 
running beyond tli© end of the kiiler to a, and Busjiendcd 
1^ 
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mthin the flame and buming gases, B 
communicatQs with the rest of tlie boiler 
at ff atid A by means of two coppeir 
pi|iea, Somotimea tiio pipe is not j^ Si 
hni leads from the end a into the tcf 
of tlio boiler at b. W h m the water 
Ip.rdf and it will be obsei-ved that tliei* 
is a very largo steam chest s c, anil that 
Cnm S^ctkn, ^ the surfEico of the water is large. It 13 
for tliia reason that there is no primiiig in Coi-uish boilers-^ 
the Bteam having plenty of room and a large surface to risfi 
from. The fire and heat play everywhere within the ^nQ, and 
are brought right romid under the boiler, and pass along l>y 
B to heat the water in the bottom Bpaoo d h e. The whole 
is Bct in masonry, and the aiTaugements are so good that 
veiy little heat can esca]>e by conduction or radiation, wliile 
the heating siuface is very gi-eat. From having- euah a 
large amount of heating autface it has been calculated that 
a pound of bast Welsh coal in a Comiah boiler will eva]JO^ 
ate 1 1 1 11.13. of water. 

165." Fusible PlugB^^A pi-ocantion that should always 
be adopted to prevent boiler explosions will he found in the 
use of a fusible jjlug^ or fusible nieta! plate, or a load rivet 
placed m tho boiler inimetliately over the fireplace. The 
lead rivet melts when tho temperature of the plate is msed 
k> a heat die steam does not re^ck^ S3S"^G.'j so giving vent to 
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steam, ike engmeer knows of the eKiatenco of daugor ira- 
modiatelj, Tlie f iLsible plug in. tlie alxape of A B han t}ie part 
CJ consisting of an alloj of tin, lead, and bismutL, whieli melta 
when tlie heat of the steom 
ia somewhere between 13S' 
and 176'' C, i,e., as soon as 
the pressure becomes excca- 

BoUei's arc genei^lly 
fitted with man-holo and 
mud-ho3e dooi^. The man^ 
Jiole 13 geneiidlj in the 
top of the boiler, and is 
fastened on with bolts and 
nuts. Its purpose is to 
give ingress to the interior 
of the boiler, so that any ne- 
cessary repairs may he made. The mud-kole door is fitted in tho 
bottom to allow of its l^eing easOy cleansed fi-om accumulation 
of mud, salt J etc, Thia pArticularly applies to mai^ine boOers, 
and boilera in river steamera. The mud-hole door should be 
fitted on insulcj iind the heathi of the boltis should be inmds, 
fiad the nuts outside. Through inattention to these points 
several accidents have haijpened. The nuts have become 
loasa and the mud-hole door given wajj when the whole body 
of water and steam have been driven into the engine-room 
and the men scalded to de^ith. 

166- Clothing of Boiler.— Instead of boilers being allowed 
to come in direct contact with tho brickwork aixjund them 
they are embedded in some non-conducting substance as wood, 
fine cindei-e, etc., ao that a minimimi amount of heat may 
escape by conduction fi^om the boilers. For the same reason, 
cylinders are clothed and jacketed, while tlie top of the 
Ijoilera ai-e frequently coveie^l, Le.j clothe<i with wood, hair- 
cloth, etc. J and painted to prevent radiation. 

167. Copper Boilers. — Copper boilers ai-e not so efficient 
as iron boilci's. At one time they were nsetl to a consider- 
able extent, but it was found that, when leaky, salt acted 
injuriously, and they were soon damaged by sulphurouB coal, 
I and became wm^or the moi-e they were ^ca,lci^", ^i\\^^. tio^^^ 
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being a better conductor than iron, the beat more remlily 
pasaos into the water, and conBeqncntly tkero ia more eoonomj 
cxcrcisod. TJioy are not qnite so stixjng as iron, in the pro- 
portion of 16 to 23j bnt they do not wa^to by scaling; and, 
therefore, they retain their original strength for a long fiiae, 
while tbe iit>n ones are continually getting weaker and weaker. 
In consequence of its great conductibility and not wasting 
and burning at the joints, copper is used for tbe fumacea d 
locomotive boilers. 

168* Testing Boilera. — Before a boiler is put to work its 
stiMingtli 13 tested ]>y bydraitlic pressure, also after it haa beea 
i^epan^d* It is tlius done : Every oiifice m aecui-ed or elss 
pliigged up but one. The boHer is then filled with water, 
and an bjditiulic pump attached to the opening left. A 
pi^esauro gaugcj is attaclied to the pump and water is 
forced JB, until tlio pressui'e gauge indioiites a pressure tlu'ee 
or four tiiUGs tliat at which it is intended the boiler sliall 
work. This will find out any leaks in the boiler, and shotdd 
a part be too weak for the working strength, it is sure to bo 
discovered, 

I onco saw a primitive way of testing a boiler. The holler 
was filled by a pipe coming from a pool on a liigh ndge jii^t 
behind the forge — tlie pipe being properly seemed, no water 
could escape from tiio boder; then as the pool -waa about 
150 foot higher than the boiler, tho pressure of water from 
the head severely tested its strength. 160 feet would ^ve 
a pressure of G5 lbs. on the square inch. I 

169. Water Heater* — It is found very advantageous to 
heat ttie w^ater before it entei-a the boiler, and if this can be , 
olibcted by the waste steam and gases tliero is gi^eat economy 
and saving in fuel. This figure represents a very good metliotl 
of canying it iato practice.* A A is a flat cast iron pips 
fixed in the smoke box ; through this pipe the exhaust steam 
passes along B E a second pij*e inside A, heating the water 
lying between tlie two pipes A and B, The water is also 
heated by the waste heat ronnd A A. The exhaust steam 
after pacing round goes np the blast pipe and funnel E R3 
usual C is a chamber whei-o the condensed Bteam water 

* By Messrs. Cambridge, of Bristol. Sec ^tigineer, Aug. 5, 1870, 
Vol xsof.j ps\f;0 87* 
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ia stopped, and passes through tube D to be rettimed to 
^e boUer bj the pump, which forces the water through the 
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tube H iiito the tank at I, after which it passes through J to 
boiler at K* 

170. Water's Feed Water Heater is on rather a different 
principle to the above, and ia said to produce a good reauU. 
A pipe brings the waste steam up through a reservoir for the 
heated water. The feed water enters at the upper part of 
the reservoir, being forced in fine apray through a sprinkler, 
flo that a great surface in a small amount of water is presented 
to the steam to absorb its latent heat. At the top of the 
reaervoii*, above the spiiukler, m a dijftecto, -^Wt^i lore ^ 
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moment keeps the Bteam in contact idih the water-gpraj 
fiitKta the sprinkler before it esoipes through the top of the 
reeervoir. It might be tliooght that part of the spray would 
fall down the exhaust paasa^, but this can scarcely mk^ 
place to anj injurious ertent, beonise the force of steam wil! 
baUoon the si>ray up again untO it fiaJls into the i^senw 
considerablj heatecL From the reservoir the water is taken 
in the oitlimoT matiiier into tLo iKiiler* 

171, Tke Aiaount of Water Required for Condensation — 
The proper tempemture at which to keep the condenser u 
as uear aa possible 100° F. or 38^ C. At this temperatcne 
the steam ia sufficiently condensed, while the air pump Im 
relatively the least quantity of water to itiise ; or, mtk a 
maximuin amount of useful condensation, we have a 
minimnui amount of water to lift. 

Let us suppose the condenser is to be kept at 1 00° F., 
and the temperature of the condensing water is 50 '^F,, tlien 
out of eveiy unit of water 100^-50° = 50" of cold are aToil- 
able to condense the steam. 

Watt assumed the total heat in steam to be 1I13°F» (latent 
sud sensible heat of steam we have called SS7^'2C. or lliT^F.); 
therefore there ai-e 1112 units of heat to be overcome, which 
will take ^^ ^ 22-24 unite of waterj or it will take 2^1 
more times water than is turned iato Bteam, As a cubie 
inch of water produces a cubic foot of steam, it wdl take 
22 J cubic inches of water to condense one cubic foot of ateaiiu 

Watt allowed 28*9 cubic inchesj or about a wine pint, for 
every cubic inch evaporated. 

In tMs calculation we have given the result anived at by 
Watt. We will now perform the calculation, using degi^eea 
centigrade, making allowance for the heut wJdcIi mill he hfi 
in the condensed steam, and using the more accurate number, 
637*^-20. 

Sttppose tlic tempemtnre of the condeusfji' ia to be nmintainod at 
SS^C, snd the temperature of the eondcnahig watet is iU'C, what 
MQOunt ot water will be required for condenaation? 

The total amount of beat in a given liJiit of steam is ^37 '2 tudta C. 

The amount imparted to eaeli unit of water is 38-10=28 unita C 

Of the (>37"2 ^ujita of lioat in each unit of steam, it must give up 
G37 '2 -.^S = 599-2 units, 

- \ tl)0 units of water required = *?^ = 21'4. 
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)r, a cubic foot of steam sb it is produced (veiy nearly) 

■a cubic inck of -water, ivill require 21*4 cubic inchea o€ 
water to coudense it. More ia always allowed, because it 
ia impossible so to arrange the eondenEer, tLat oYory drop 
of water aHaU at ouce cousume its allotted aniount of lieat. 

The temperature of tlie condenser will always give an 
idea as to the vacutun. Jf the teniperatm^ of the eoudenaer 
iH above lOO^'F., then moi^ water nni^st be supplied for con- 
, derusation; if it in below lOO'^F., then the cocks must be 
clawed a ]ittle, as too much watc^r ia being used and the air 
pum^ will have too much work thrown upon them. Whea 
the air pumps ai^ labouring too hard, it ia one fn^ that too 
much condensiiig water is being used. A tliermometer 
therefore inserted in the condenser will show tho state of 
the vacuum, Clenemllj the engineman trusts to hia vacuum 
gauge to tell him the state of his condenser. If the vacuum 
gauge is low, too little water is being usedj and he must 
remedy the defect accoi^dingly, 

172* Surface Condensation- — Surface condensation consists 
in ex:po:-jing the hot steam to large cold suifacea. Watt tried 
it. A few years ago Hall inti-oduced his suifiixie condensenB, 
They did not answer originally on account of occupying so 
much space, adding more parts to the engine, and the pip<^ 
becoming fiured up. They seem now to be coming mora 
into use, being fitted in many of om^ iron-clad, vessels, ^| 
SM the "Minotaur," " Lord Wai-den," "Lord Clyde;' ^^Pallas/' ■ 
etc. The "Lord Clyde" has 13,000 veiiical tubes for the 
condensation of steam. Hall's surface condensers consist 
of an immense mmiber of vertical tubes or pipes placed in a 
large tank. The steam, after being used in the cylinders, 
posses through the^e pipea. Water siLrrounds the tubes, 
and is forced through the tank in among the tubes, either 
by pressure from behind or by ci^^iting a Tticuum in front. 
The cold water entei*H at the ojrposite end to the steam, and 
goes out at the end where steam enters; thus the hot steam 
meets tlie wanner water hrst and the colder last, by which 
arrangement the water is made to cany off as much heat as 
possible. ^1 

173. Circulating Pumps* — The introduction of surface " 
condensation has been necessarily followed by tuss^ ^^raai^ 

*- M 
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ments for impelliiig the cold water among or through tlie 
tub«s» To jieifect tli© system cu-culatin^ ptiiQj>3 are used 
They are worked by ecoentrbs oa the main shaft, and oftttn 
direetly from the tJiston by rocla. Occasiomjlly aiudliary 
engines have Iteen employed with considei'o.ble advanta^ to 
eircuiat© the water for the smface condensers. The "water 
is forced throiigh or around the tubes in the majoritj of 
eases J but is ^mc times made to follow the vacunm, 

174. Summary oe Surface CondeEsation,'^ — ^The advan- 
tages of suifaco condcnBatioii ai^e : — ► 

{!) Fi^isdoM fmm iiijuiloiia deposits in the boiler, THi 
follows fnom using absolutely pui-c water, and not water tlmt 
has been used for condensation. Thera is no necessity ta 
BOftle the boilers or clean out salt. 

(2) The boiler can be used with a higher pressure of steam. 
Scale and incnistations nendei- it almost impossible to sta^ 
a marine boiler properly. Hence, when these evils are got 
rid of, we may use boilers of improved conatmctian and 
higher pi^essure steam, 

(3) The foulest water may be used for condensation without 
risking injury to the boilers or engine. 

(4) A more regular supply of feed water can be relied 
upon. Under ordinary circiimstances it requires constant 
watchfulness to regulate the feed and the brining, 

(5) The load on the ah' pump is more regular , so tliat in 
heavy weather the engineer need not i^educo the injection 
water. 

(6) Fuel is saved, as no blowing out is necessary. Tliia 
saving of coal may often amoimt to from 15 to 25 per oeat, 
which is something veiy considerable on a long Toy age. 

(7) Being able to use high pressui^ steam, the economy 
of increased expansion can be fully reajised, 

(8) The boilers do not i-equire cleaning so fiT^uently, bo 
hibour is saved, and there is less wear and tear. 

{9) When no scale foi-ms on the boiler, the iron plat£3 
xaoro i-eadily conimmiicate the motion of the heat to the 
water; so fuel is saved from, the absoi'ption powei^ of tlio 
boiler being unimpaii'ed. 

* From & paper by Mr, J, ¥, Spencer, react before the Instititioa^ 
oiEngmeerB (Scotlmd), 5th February, 1862. 
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(10) With ©xpiinsion at half stroke and snperlieated eteanij 
one-half the usual boUer surfaoe ia ample, and tho boilotr 
po"w^r may be reduced one-fifth without any loss of indicated 
power. 

The mechanical disadvantages of surface condensation are 
not inaupefablej some existing more in iuin^nation than 
realitj. They may be classified imder the following 
heads : — 

(1) Additional pumps and machineiy are rcquii^ for 
circulating tho condensing water. 

(2) Additional spac© is required by the siirfiice condenser 
itself and its appendages. 

(3) It has been alleged that, under certain circumstances, 
the constant return of the same water to the boiler creates a 
tendency to corrosion in the boiJen 

(4) The multiplicity ef tubes in tho Huifaco condenaep 
creates compHcatiom 

(5) There beiug so many tubes and joints in the suifaoo 
condenser, there is a large increased liability to leakage. 

(6) There is an inci-eased first cost in the machinery of 
from 10 to 20 per cent., with an increased cost of repairs 
to additional machinery and condenser. 

(7) A larger amount of condensing water is required for 
surface condensation than for injection condensers. 

175. Moreton's or Barclay's IJjector Condenser, — ^The 
principle of the injector is modified to servo tho office of a 
condenser, A glance at the figure wiU in a moment show 
the similarity of the two pieces of mechanism. The exliaust 
eteam rusLes from the cylinder into tho condenser, and is 
met by a current of water which condenses the steam. Tho 
water rushes into the Tacuum at a velocity of more than 40 
feet per second, while that of the exhaust steam is many 
times greater. This force in the ordinary airangement is lost 
m. the condenser, either against its sides or in agitating the 
water, hence heat is developed and power lost. On an 
average this loss, together with that required to work the 
UY pumps, is *6 lbs-, or a little moi-e than half a pound per 
square inch. Now in the ejector condenser the powei: isv 
the rash of steam and water is found to h^ ^ufedfiTcA. \^ 
mnj^ all the wuter, uir^ and uncondensed Btett,m m^ ^^ 
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hot woil a.t oncG witLout the mtervention oF an dk 
pump, i. 

The cold \mter passea ii*om 
a tank thix>iigli A to the 
nozzle a, wlticli is sun-omicled 
by two moro noz^clcs 6 and c, 
til rough Tvhicli paiis the ex- 
haust steam l)y ^vay of E and 
C fi'om the two cylinclors. Be- 
yond the three nozzles n * 
gradually widening pipe Pj 
which leads to the hot Trell 
The condensation of steam 
takes place between a aDcl c* 
The action ia aa follovrs : Tia 
water enters A at it pressure 
sullieient to njake it flow mth 
a velocity of 43 feet hi ^ 
second, rmd rushea through a 
when I) ia ficrewecl up ; ifc ^ 
then met by steam at b ^^ 
IV much higher velocity; the 
water condenBeJi the steam, 
liut iiiii"takiiyg of its imp6tn''5j 
Ijotli niah on to be joined I'T 
more steam at c, and ag^un 
i-ecciATng more impetus, "wliil^ 
<tU the steam ia condeiu^t^* 
l>oth T^rater and condenfi^ 
Bteam niah on to tho hot ^^^^'^ 
by 'way of P. 

Instead of tho injectiou 
water being st^irted from a tank 
to give it the necesi^ary velociiyj 
it may be set in motion tf 
a Email jet of gteam* Tlie pai-fc sj is on pm^joge for thit^- 
The rod is screwed up, when a jet of steain mingling with 
tho water carries it forward to meet the exhanst This jet 
can be shut off after the appamtna h fairly acting. 
It IS a remarkable , circvna^tvm.'Ci^ that the ejector in its 
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ition carries out all the air. This is doubtless on the 
principle that the Trompe carries the air into a 
Lber to be afterwards used as a blast in smelting 
itions in the Catalan forges in the northern part of 
1. 
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CHAPTER JX 

APPENDAGES TO THE BOILER. 

Safety Valve^Salter^s Spring EaTance — ^Boiirdon*B Gauge — Vacuttm 
Gauge — ^^Mercuriol Gauge — Glass Watar Gauge^Vacuum Valve. 

The neeeasary appendages to a boiler are the safety valve, 
the gauge, which may be the old fashioned mercurial gauge, 
Salter's spring balance, or Bourdon's gauge ^ the reTerse valve, 
the glass water gauge, or else gauge cocks. 

176. The Safety Valve is a lever of the third kind, ths 
fulcrum at one end, the we%ht at the other, while the power 
is exerted between the two. 

It is a eomcal valve fitted steam tight on its seat and ke^t 
down by a weight. The weight is so proportioned that when 
the steam exceeds a certain pressure the valve will lift and 
the steam escape, and so prevent the boiler bui^ting, hf 
keeping the pressure below a fixed maximum. Its area varies 
with diflerent makei-s, hut some engineers follow the rule of 
allowing half an inch of area to each horse-power of the en- 
gine. The weight is fixed by the engine-makers, and no 
increase should be allowed without their express sanction. 
Every boiler, when there are two or more to the same engine, 
must have its own safety valve. Some safety valves ais 
kept on their seats by spiral springs. 

1?7. Salter's Spring Balance i^ used especially in loco- 
motives to exhibit the pressure of steam. Its principle is a 
!Ert;eel spring, wcU tightened^ which, according to the pressure 
of Bteamj extends after the manner of the spring steel yards 
used in public by our rag and bone merchants ; or else the 
increased pressure of steam iwts against the spring. 

Another adaptation of the spring bal since is shown 
^^ tho £f^iu:Q on next |vas^, where A is screwed 
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til© boiler, or into a pipe in free commimicatioii with the 
steam, bo that steam can eater the cylindrical body B ; if 
we suppose the dotted liaea at B are a piston, 
it will act against it tg drive it down, ^^hieli the 
prrasnire of the spring wiU not ahow it to do 
'ttntil it overcomes its resistance. The greater 
the force of the stea-m the more will the spring 
he compreased, and the more of the graduiited 
part be shown. Acting on this principle it is 
evident that, if it be proijcrly gindiiated, the 
pressure of steum in the boiler will be correctly 
iiidi(si.ted by the scale. When used to keep 
down a safety valve, it acta at one end of the 
arm of & lever of the first ckss, and the steam 
pmsure at tho other in one arraDgement. Thns 
Halter's spring balance is nsed in a simple man- 
gier for a prmmtre gauge, as well as to keep the 
safety valve on the seat. 

178* Bourdon's Gauga—This gauge is pro- 
dnced in many shapes — we give one of the moat 
poilable and convenient in the figure on tlio 
n«Jtt pfigc. A B is a circular plate, fitting steam 
tight in 5, but still readily moving with the 
least pressure, s is in fi^e communication with 
the boilcT, by way of E ; therefore, the pressure of steam. 
below wili cause the plate to ascend, when the ix)d r will move 
tb«j lever a ^ on its centi-e 5, and with it the rack cd^ 
^iiich moves the pinion p from right to left, and with it the 
pmnter P, which will indicate the nimiher of pounds pres- 
^'iJ^e in the boiler on the arc. 

The use of gauges, it will be gathered from what precedes, 
la (l) to tell accuraldi/ the pi^essure of steam in boilem 
^lien water is hotter than 100=C, ; (2) to indicate the 
^^natmi in the pressure of ste^m fixjm time to time. 
^^h we consider how mucli depends upon a know- 
knignj of these facts, the follo'^ving instance of^ to say the 
'^tj cai^Iessness and thoughtlessness "v^dll astonish us : — 
•^it of 52 gauges tested for the Royal Agricidtmul Society, 
^J*on the occasion of their exliibition being held at Manchester, 
^»ily 9 wore correct. If this be a fair a^i^rage, th^ sL^'^^rMsi, 
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fact comes to light th&t only 17'3 per cent, of the gauges in 
common uao gh coiTect indicatioaa of the state of the boik 

179. Yacuum Gauge.— The eamtf 
figure will illustrate the yacuum 
gauge and its principle, Thifi gaugje 
is to &how the stu,te of the vacuiim 
in the condenserj *so is mi iippend- 
a^e to thti contlen^r *mcl not to tlio 
boiler. E m fitted into the im- 
dengt^r. If A B be air tight, thm 
being a vacuum in tlie condensprt 
vhcn the cock V ia opeiied the pistoti 
"will d^cend by j-^son of the prea&ire 
of air above it. If the pointer bu 
dij^ecbed to a imrticular |toint when 
the ail' is acting fi-eely on hoth sules 
of the piston A B, tlien, m tb 
vacuum incnenses in tho condenser, 
the pointer wall movo from left to 
light. When the ga^ge ia used to 
fihow a vacuum tlie graduation o&lf 
extendi from 1 lb. tf> 15 lbs. Tho teacher must iicciistflio 
his pupik to draw tbe ligui-a clearly, pointing out the M- 
ferencQ of action, when naed aa a vacuum gauge and as i 
Bteam pi^eaaure gauge. 

180. Mercurial Gauges. — Mercm*ial gaug^^a nve and Lav* 
beeu uiied to show the pi-e^mi© of bteam and the vixcaiwi* 
lint aa they ave very cumbeitaome, and nearly obsolete, it ia 
useless to describe them, but wo may say this much — 

(1) The Long Barometer Gauge,— The pressure of aif 
corresponds to very nearly SO inches of mercuiy, which being 
about 15 lbs., 2 inches of mercuiy indicate 1 lb, pii^ssuK^ 
A bent tube in the shape of a U, partly filled with mereu^i 
was talcen, and one end inserted in the boOer; as t^ 
pressure of steam incr-eai^ed it would dj-ivo the mercBiJ 
down one pai-t of the tube and up tho other; a gradaatol 
scale of 2 inches to the lb. showed the pressure of steam i^ 
tho boiler, 

(2) WbexL used as a vacmim ^^^^'^^ ^^ mi^e^sar^ wouU 
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follow tlie yamitmi and rise tip ilie part of the tube connected 
with the condenser. 

(3) The Short Barometer Gauge wiis nsed to show the 
vacuimi. It was of atmihir conBtruction to the last ; bnt be- 
tween tlie legs, com munioii ting with botli, wm a, resen^oir of 
merctiiy. An the preasnre waa taken otf the rei§er\^oir the 
meremy fell ilomi one ami, which waa Bhoit; for as the 
vticnimi between 10 anil 15 Ib?^. only wsia wanted, the aim 
was made shoi-t, and wonld i-entain full of mercury tiU the 
pi-easure fell to 5 Iba onl j ; so that when tlie mercury stood 
10 inche.^ high, we shoidd have a 5 lbs. i>it.*ii,sm*e of aii^in'tho 
condenser ; when 8 inches ^ig^i? ^ H^^j etc. 

The mercniiid or barometer gauges are old-fashioned, and 
are hardly used notir or fitted to new engines ; thei^fore we 
have given no figin-es, merely a shoit description of them* 
To these giiugea thei^ are scales gi-aduatcd to every two 
inches ; so that by looking at them the enginoman can ieU 
at a glance the eondition of his vacuum. If the mercmy 
stand at 20 inches, then there is q --^ 10 lbs. vacuum, or 
15-10 = 5 lbs, presmixs of air in the condenser. If tho 
mtyi-ciiry stand at *2i inches, there ia a, vacuum of ^*^ 13 lbs., 
or the pressioB of air in the condenser is 15-13 = 3 lbs* 
Another fonn of vacuum gimge is tlus • An iron tube 
ia fixed into the couden:?er and bent upwards. At the 
bottom near the condenser ia a cock, to open or close tho 
communication with tho condenser* Jnst above the cock is 
a Binall bowl for hokling mercmy, the tube iTassing right 
through the bow], so tliat tho mei-cuiy is romid the bottom 
of the tnbe and outside it ; the top of the tube is open. 
Kow a glass tube open at the bottoux and closed at tho top^ 
a little larger hi the uitonud diameter than the outs^ido 
diameter of the h^on t\ibe, is feiken and placed light over 
tJie iron tube, the open end coming dowji into the mercury* 
When the commmiieation with the condenser is opened, 
there being a vacuum within the uon tube, the pi-essure of 
the air on the outside presKing on the mercmy will canse it 
to ascend between the two tubes ; and, of coui'se, tho higher 
it risoH the better the vacnum. It wiU ascend two inches 
for every pomul It is gmduated, and a scale placed by its 
side ; but as tho moivnsj will sink hi the ^w\, ^ \^\Ttet 'at 
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piece of wire is attedied to tlie jscale, the end of %rliicli 
bringing tlie scale lower with it, must be placed on a kvfll 
with the mercury before the state of the vaeinim is read o€ 
Unless this precaution is taken^ the reading is liable to 
error. 

181. Glass Water Gauge.— The best contiavance to asoe^ 
taii^ tlie b eight of the water in the hollei^ ia the glass water 
gauge ; whereby, at a glanee^ the engineer can so© the heigbt 
of the water in the boiler. Gauge cocka ara also used ; tbef 
eoiiaist of three orflinary cocks — the lower one phiced beb^ 
the level of tho water, antl from which water should dwdU 
flow when it is tuiTQed ; the middle on a level with the water, 
from wMoh steam and water should isane; and the third above 
the level of the water, fj-om which steam ahoidd always issue 
when turned. To bring the gauge cocka within reach of th 
engineman, they are placed low down or in. a line, and tuks 
lead up inaide the boiler to the required heights, and to a 
pait of the boiler w-here tho ebalhtion 
Is least, 

Tlie figure simp! j shows the pmci- 

plo of the glass water gauge, which k 

often earned out by an elaborate sp- 

tem of cocka to prevent the giiuge iiVB 

choking, and to clean it out. B is the 

boUer and w L the water line, G Q the 

ghiss gauge in communication with die 

boiler at a and k It is seen that the 

height of the water in the gauge 'si^l 

Rhow the level of the water in the hoE- 

er, and whether it be necessary to con* 

tinue or discontinue the feed water. 

There are frequently cocks at the two 

ends G and G, also at c and Cj to aleaB 

out the gauge. 

182» The ReTerse Valve. — Vacuum vuive, intemul mfily 

t^ah% or atrnospherk Daive— for it haa fill these names— i« 

to prevent the boiler from collapsing through the external preip 

sura of air. When a boiler has been in use, we will suppose 

the engine stops, and that tlie stop valve, safety valve, etc, 

are dosed. Then, aB the ^atet mola do^^ra. ami steam ooft- 
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men, a vacuiiin will exist in the holier; and if means 
not taken to prevent tLe external pressing of 15 ILa. on 
the square inch from taking effect, 
danger will ensue to it» A B 
shows the genenil appearance of 
the valve, S leads to the boiler. 
The air pivssing upwards in the 
direction of the an-ows will iift 
up the valve Y and open it, when 
the intenial pressure is at a 
certain stage below that of the 
atmosphere; then passing into the 
boiler through S, will restore 
equilibrium, or, at leasts pai-tial 
equilibiium. It is generally made 
such weight that it wUl lift with an external pressure 
5 Iba. The preaam^e in the boOer can get below that of 
a atmosphere when the supply of steam is insufficient for I 
a engines (if there be a good vacuum), or if a sea wgto 
break over a ship and suddenly condense the steam in tho 
iler. 
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EXERCISES CHIEFLY FEOM EXAMrN'ATIOX PAPERS. 

L Describe a cyhndrical boiler with iiitai:ngl flnes. State the 
i^mita^B of this modo of conatruction. Which is the weditest 
pt of the boiler, and how ia it aircugthenetl ? Sketch the boiler iji 
,119 verse sictiou with the flues, Ehewing the probable level of the 
.ter(1871K 

h Describe with a sketch the tubular marine Ixiiler. Explain the 
2eflaity for a revere© or atim>spherio vidve. Point out tlie mbg of 
i Btop valve in the steam pipe* How ia this valVo opened &nd 
at (1871)? 

J. What is surface condenaation aa lipplied' to marine engines? 
.e of the tubes uaed ia of copper | inch outside rljaD:ieter, *0j inch J 
4:k, 5 feet 10 inches long ; find ita weighty a cubic foot of copper 
i^bipg 650 lbs. What pumps are required when surface con- 
EiBers are used (1871) ? Arts. 2012 lbs. 

L Beacribe the eommimi cation valve, and explain its use t II 
trldng with 3 boilEra instead of 4, what woiiJd be tbe effect of 
ening all the conuminicatiou valvea (!Sfi5)? 
Am, The steam would pass to the disused hoiler^ and boil the 
water, BO that a large amount of fuel would be wasted. 
5. In the old-fashioned Tiaggon hoUvr a vertical o^n. tioto^j ^isIMi 



a stand, pipe, passed tlirough the aliell of tlie boiler, and flipped 
helow tbe surface of the water inside. If the steam pressure inaidfl 
the boiler were 4 lbs, per sqiAare inch, at what height woalil tt^ 
water stand in the pipe (1870) ? ^^i^. o-oG feet 

6. A cylindrical boiler mth flat cnda i& 30 feet long, ti feet in 
diameter, and has two interna! Hues, c^b 2| feet in diameter, th* 
preflanr^ of the steam in the boiler is 40 lbs. on the inch, what Ja 
the whole preaaure on the internal surfaco in trins? How h the 
strenyth of a cylindrical boiler rcUted tt> its diameter, the ukateriAl 
btiiug un chan irJd ( 1 870) ? A ns. 25JK3 95 toni 

7. Describe and ex^jlaiii &ome form of vacuum ^auge, which would 
enable you to asccrtam the pressure in the interior of the condenser 
of a Bteam engina (1870). 

8- Describe with a sketch the glass gartige for showing the height 
of the water in a boiler. Point out the position and nae of th« threti 
stop cocks. For what purpose are gauge cocks fitted to a boiler 
(1S71)? 

9. Btato the principal ports of a marine boiler connected with tie 
generation of heat. Show the advantage of small tubes over laqj'e 
ones in giving a greater amount of heating aurfaco (IS65), 
^ See question 1*1 

10. (jjve a description of the reverse valve* If kept in its place 
by a weight of brass, what mnst be ita thickness mat it may \< 
opened when the presaiire of steam within the boHcr is IJ lbj?H belcw 
the atmosphere ? I'be weight of a cubic foot of brasa is 5'25 Ibi. 
(1S71). 

A Jts. Area x IJ lbs. = area x height x -^^ . \ 7i^= 5'76 inch* 

11. Describe a condenser gauge of an engine. The mean presaore 
on a piston being 12 lbs, al>t>ve the atmosphere, and the mean vacuum 
pressure 13 lbs., what is the force exerted on a piston of 53 inchsi 
dian^eterlf antl what woidd have been the force had the f^^i 
worked without condensation of steam (1867)? The pressures are 25 
and 12 Iba. Aii^. 60052 14 lbs. ; 3 1 705 0272 Ihs. 

12. Namo and g^vc a short aioconnt of the ^e^r connected i^itt 
marine boilers requiring the attention of the engineer (1863). 

1 3. A circnhir tube is replaced by f tjur circular tubes of the fit 
total volume, show that the heating surface is thereby doiihled 
(18G3). 

Let a:- diameter of largo tube. 

ij= ,, small „ 

x^ X "7854 = area of large tube, 



Al^ y^ X 7854= 



?/= X '7854 = 



at^ X '7854 
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Heating surface ftf lai^ tube -34 x 3'1416 sc L 

,, „ amall tul>e=|f/ >€3-l4l(>x/, 

„ 4 „ ~4tfx ^14:16x1. 

Heatiug surface of large tnW _ 2// x ♦^1416 x ? _ 
Heating surface of amall tub e 4?/ x 3 * 1 4 ItJ x ^ 
. *. Heating surface h doiiHeti 
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The "bottom of a steam boiJcr is IS feet helow the level (if the 
sa ; fbd the requisite st^am jiresaura to force the water of the boiler 
hrough the blow out pipe {180). Am. 22 £Hl lbs. 

15. WTiat is meant byprinung? Wiiuld you recommend in Bucli 
case that the safety valvea should be kept open { 1864) 1! 

AitJit, No ; because the pressure Ijoiug taken off the water, it will 
boU ini>re furiously, and more spray will bo tkrowii about 
the boiler, and therefore it is likely to iucreaae the primiug. 

16. Describe the baroiiieter gauge in common use. %Vhy ia the 
fcop cock closed before blowing through (18641? 

17- Describe the steam gauge uaed m marine boilers (18C5). 

18. Wbat are the advaut^s and disadvantages of tubidar b&ilera? 
kud what are the peculiarities of marine boilers when contrasted witb. 
RudboQera (13C6)? 

10. Wbat is meant by the grate surface of a boiler ? If 1 square 
Oot be allowed for each horse power, how much will be necessary 
br boilers to supply a pair of cyliudera, each of 73 inches diameter, 
iho piston moviug at the rate of 240 feet a minute (IStJG)? Jind 
lommal horse-power* Avs. 42G-22. 

20. There are 2400 tubes in a set of marine boilers, their external 
iBiwneter being 3 inchesj thickness of metal i of an inch, and Icn^ 
I feet; find 9ie amount of power developed, 16 square feet bemg 
Bpivalent to one horse-power (18(56)* Ajt^. 58^ 05 horse-|>owsT, 

21, If the re^'^erse valve of a boiler be a solid brass cylinder 5 mches 
bug, what will be the pressure to coUapse a, boiler, when it is on the 
pm\t of acting, the weight of a cubic foot of brass being 525 lbs. 
{imi^ AnJi, I'Slbs. 

1 22. MTiat is the usual boiler used for marine engines H Describe 
k Why is the arrangement peciUiatly useful for marine purposes 

I 23. Describe the barometer gauge in common use (1SG7). 

St. Give a description of the apparatus by which a boiler is pre- 
'^ted from bursting and collapsing. How is tlie pressure of tlio 
ttciim in the boUcr ascertained? Can the same dependence be x^laced 
^an old gauge as on a new one (1S65|? 

%. Describe the safety valve of a locomotive boiler. Explain 
J^flon's gauge for aseerfcaiuicg the exact pressure of the steam in a 
Ner(J869). 

2tj. Describe with a sketch the marine tubidar boiler* What ia 
^^ object of a reverse valve, and how is it fitted ? How is a vessel 
P^tected from the heat o! the iuuhd (18G5)? 
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27. Describe the fonn of boiler first used, and how did it differ 
from modem boilers ? 

28. What precautions should be taken to prevent boiler fines from 
collapsing? Give an idea of the pressure they have to sustain, and 
how shomd their thickness vary with their diameter ? 

29. State the characteristics of the Field boiler and Galloway's 
tubes. . . " . 

30. Describe a vertical boiler, and distinguish between a Coniish 
and Lancashire boiler. Give a section through any boiler with which 
you are familiar. 

31. What provision is made for heating the feed water of a boiler? 
Why should the water be supplied as warm as possible'? Give any 
pliUQ that has been adopted for heating the feed water. 

32. What are the advantages and disadvantages of surface con* 
densation ? 

33. Describe Moreton's Ejector Condenser. 



Ik 



it 
'I 

1^ 



CHAPTER X. 

SALT IN maeim: boilers. 

^ater — Specific Gravity— Boiliu^ Point— Blowing Out— Scale— 
Salinometor — Hydrometer — Priming — Peed Ptunps — GifTard's 
lujeetor. 

L83. Pure Water Should he Used.— Boilci's, both land 
I marine, are liable to become intcniaHy ineniflted If 
sse incrustations are not carefully removed or guarded 
dnat great injuiy irill ensue. All water contains solid 
^stances, whether it be lime, flint, salt, or Bulphur, all of 
dch will either do, or ho the means of causing, damage^ 
mne boilers a.TQ genemlly fed with salt water, Hence^ 
is necessary to explain fully the constituents of sea T^ater,-^ 
d how their o^tI ©fiecta may he guarded against. 
The deposits and incrustations which are the source of so 
ach danger, ai-e not likely to he retained as nocessaiy ovils, 
surface condensation, which, ua we have ah-cady said, has 
•en introduced into some of our iron-clad vessels, bo suc^ 
safni, the condensed water, being free fi*om all such mattoi's, 
in form no deposits. If the steam coidd be rapidly and 
^tiially condensed withotit mixing it with impure water, 
would itself supply almost enough water for feed, and that 
tho purest quality. All the evils of deposits, incrustar* 
'Jie, prLmhig Irom impm^e water, and much of the wear 
d tear of boilers, would be in many cases entirely and others ^ 
^tly prevented. The consumption of fuel would be lessi 
^Ki at present, and the air pmiip would be considerably 
^MmX in aLze, and therefore less power would be i^squired 
"VP'ork it, although of course we should have the clrculat- 
pumps instead, but still upon the wliole tWre 'VJiaicMLX^ 
As the CQiidcn^cd steam would cout^m t^o ^^co:, ^Soa 
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function of tLe air primp would be exclusively confined 
the removal of tte condensed ste-am. 

184. Sea Water ia both salt and bitter. Everywliere the 
sea holds in solutioa a lai-ge quantity of solid substances, 
chiefly common salt or chloiide of aodium. The amount of 
salt ia not constant in tdl seas, nor even in the eamo sea, Bor 
at all depths, varying iM::coix:lLng to the amount of csvapoitt- 
tion (i,e.» the heat of the elimate) and the quantity of river 
water running into the sea. The Red Sea is Salter than tho 
Mediterranean, the Meditermnean than the Atlantic^ the 
Atlantic than the Pacific, The water of the northeni 
heuiisphei-e is not bo salt as that of the fiouthcm, Tte 
position of maximum saltness in the ocean is about 22'* N- 
latitnde and 17^ S, latitude, and the belt of ocean lp3$ 
between. We may incidentally mention that this is the 
region of greatest evaporation, and that therefore the saltncss 
of the ocean follows firom that circumstance. The Polar geius, 
Baltic J and White seaa, contain very little salt- Ice m free 
Irom it, because water in tlie act of freezing parts with all ita 
impurities. Out of eveiy 1000 parts 344, or abont ^^^ of the 
whole consists of solid matter ; out of the 34 parta nearly -i 
are common salt. We may put it thnsj : out of 30 gaUoas of 
sea waterj 1 gallon conBiata of solid matter, and of this solid 
matter || or j-| is pure salt ; 24 paints out of 344 are pare 
ialt, 4 pai-ta chloride of magneiiium, 4 paila Bulphat<5 of 
soda; 1 part in 1000 is carbonate of lime (chalk), and*" 
part in 4000 silica (IHnt). 

ANALYSLS OP SEA ^^^TER. 

Chloride of Sodium,... 24* 

Chloride of Magneaium, ,....,.... 4' 

Salphat© of Sodk, , „..,....,.,-,„., *.,...., 4* 

Gari>oniLtQ of Lime, , .^,..*... 'M 

Silica, .*.... ...,,....,..,...... mG 

Other Bubat^ces,* ...,,.,,* , 2^ 

H4"42G 



* JJr^niiiiej laihne, Eoron, Eil^er, Ccvi^et, IscKh l^otasaium, etc 
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Pmfessor Forcliammer* gives the following as his analyaia 
tea water :■ — 

Chlorine, , ,.. ....„.,.*., 19' parta, 

Sulphuric Aculj. ............ ......„., 2"2G ,, 

Lime, 'fiti „ 

Magnesia...... 210 „ 

A118alta, ,.„.. .„.,,. UU i, 

Total parts, 5832 

I'ai'bonic acid gas ia ev^ present in sea crater, and its 
mtity uicreaees with the deiith. There ia also a trace of 
laonia with atmoapheric air to sustaui life in the propor- 
ti of from ^ to ^^ of ita hulk. These facta^ espeoiiiLly 
it rehiting to the diflerent quantity of salt in iMerent 
a, go to explain the reason why the extent of the " Lnn- 
[" vaiies in diflerent seas. 

185. The Specific Gravity of sea water difibrs with eveiy 
In the North Atlaiitic Oeeaii it k about 1'02GG4, 

die in the South Atlantic it is gi-eater, 1-03 6 7 3, The 
than Ocean Kas a specific gravity of 1-0263 ; the Ked Sea, 
)2S6; the Meditmanean, 1-0289. 

186. Boiling Point of Sea Water- — In consequence of some 
the ahove solid siibf^tances beinc; chemicaUy combined and 
a others mechanically Buspended in sea water, especially 
cause of the latter, and its speciJic gra%ity being greater, 
tnkea considerably more heat to boil it than to boil fi-esh, 
mig, or river water, and of course as ebullition continues 
d the Bteam is used the water will get Salter and Salter ; no 
It cMi possibly pass away with the ateani, and therefore tKfl 
lount of heat required to conveit the w^ater into steam will 
tve to be increased in propoi-tion to the density of tho 
uter, while the water itself will become saturated with salt, 
' it t\t11 be incapable of holding more salt, which will bo 
^pitated, aiid form a crust on the boiler, separating the 
on boiler plates fixim the water, so that the boiler plates cau 
ittmlly become i*ed hot and danger is imminent, for the 
bte« being softened they ni^e Eable to collapse. 

187, Boiling Point of Salt Water. — Salt w^ater contain- 
^g inr P^^ ^^ ^'^1*' (^^ ^^^^ ^^^^ iisnal in aU wovk^ cox ^^^^a. 



to say ^\(), will boH at a temperature of 100° | C. ; if tlio 
proportion of salt be clouble<l, or ^-^, it will boil at a tempemr 
tur© of 101^1^ 0. 1 if ^^ or ^V ^^^ boiling point will rise i^e- 
spectively to 102° C. and 103^ % 0. ; when there are ^ of salt 
in tbe water tlie boiling point rises to 107^^0, ^|. is tk 
jmint of Battimtion, wben tbe water is so full of salt tliat i^ 
wUl bold no more, and it is tlierefoi-e iBfiidly precipitatei 
It will jLssist tbe memory perbapa to state tbat in eack gallofl 
of sea water tbere is more tbim four ouncea of siilt, and if 
two gallons be boiled down to one, it will contain double tliat 
amount J or moi'e tban eigbt ounces. 

188. Blowing^ Out or Briiiiiig tbe Boilers. — GenertJly 
tbe sidtriPHs of wiiter in the boilers must be kept below threa 
or four tbii-tietbs. To effect tbis, and to have them a^ free 
from salt as is conaistept wnth tbe economical consumption of 
beat, tbo ]»rajctice of ** blowing out " is resorted to. For tliia 
purpose blow out cocks ai^e fitted to tbe bottoms of all marina 
boOei^, from tli© cocks pipes lead into tbe sea. Every twa 
Iloui-s, but generally lesSj the blow out cocks are opcneil, aijd 
tJie supersaltcd water violently foi-ced out of th.& boilej, hj 
the pressure of the steam, into the sea. Mncb heat ia lost 
by this blowing out, and many methods have been devised to 
save it. Before showing how this is accompjlished, we mfi^^ 
give other modes of getting rid of the ijiipuritiea wiiich 
collect in a marine boiler. The brine is sent overboard, 

(1) EiT Blow Out Cocks (ah-eady explained)* 

(2) By Brine Puxtps. 

(3) By Suhface Blow Out A3fD Scum Cocks* 

189, (2) By Brine Pumps.— To many engines are fitted 
brine puinp.4, and at eveiy revolution of tbe engine a small 
portion of biiue is extracted from the boiler. TJie size of the 
brine pumps must be such tbat the quantity of water dr&^i^ 
off added to that evaporated must be equal to tbe quantity 
introduced by tlie feed pump. If tbe water ejected fi'om tlis 
boiler is to contain ^j^ of salt, or tbi-ee tunes as much m the 
food water, thoiij if the feed pump snpply n gaUona in a given 
time, the brine pimips must extmct '^ gaUons in the saiii« 
time. The riile is, bloNT Qut, £rom \ to \ %\m amount « 

feed water. 



190. (5) Surface Blow Out md Scum Coeks.— Tlie foreigTi 
iihstatieea in a boiler ai*e ill ways buoyed up to the surface, 
vheve tliey not alone pi^vent ebullition, but the forraation 
if steam. The steam rises from and ai^onnd them, and they 
^niain at the surface for some time, irhea thftj giudually 
lesccnd and form a scale u])On the tubes and flnee. It is 
liDi-cfore fonnd quite as advantageous to blow out from the 
mrface as from tho bottom of the Avater, It is done by 
fiieans of scum cocks ^ T^hich ai-e inserted on a level with the 
Pvater, and are kept constantly about one-eighth open the 
KrJiol© of the time J so that as fast as dirty scum and other 
LQi purities rise to the sni-fkco they are cxjielled, 

191, Lamb's Surface Blow Out Apparatus is a very efficient 
contrivance for effecting the same object. A float in con- 
tiection with the bottom of the discharge pipe regulates the 
Seetl and discharge water. Tlie apparatus ejects the scum 
knd dirt at once; but in some boilers sediment collectors aro 
Iteniployed, one» in sliape and size some what resembling a sugtu- 
tloaf, is placed in each boiler with the small end or ajjex 
jdownwards, it is connected to a pipe le^Kling into the 
|fiea to carry the sediment away. The top or base of the cone 
latands out of the water » and the impurities enter through 
J longitudinal tapering slits being ballooned into the cone, 

I ivhere the water is eomjxiratively still, by the steam as it 

I rises to the suiiace. The object of all this \b to save heiit* 

I 192. Scale* — Whatever care and precaution are adopted, 

' Scale can hardly be prevented from forming on the boiler 

plates. A cai-eful and attentive engineer can always reduce 

it to a mininmnL When scale is formed on the boiler plates, 

it pi-eventa the passage of heat into tlie water, for saltj 

gypiom^ lime, etc., ai-e exceedingly bad conduetoi-s of heat, 

*tii will not allow its motion to pass to the water, and 

tiierefora a waste of fuel must arise, "When water is satiir- 

ttted with salt, etc., through negligence or other^^ise, it 

t*«coTnes lieavier, and therefore takes more heat to boil it, 

^liich is another waste of fuel; ngain, the scale is occiision- 

ttlly so hard and solid that the plates become red hot, and 

^ liable to be burnt as well as to give way from internal 

l^ressure. A mmonJe chloiido and other chemical substances 

^agmetimea put into maime boOera to pro^Qiit^fiV^,\mt 
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the utmost tlioy do is to pi'eeij[)itt;te tlie foT'i.^ign In^^reJients ji5 
jwwderj which uiimt still bo reraovcd by blowing out* The 
more of tliese substances there ai-e in the water » the more 
work the heat has to do to lift them, and therefon^ the more 
heat is required for ebnllition, which is waste of motion imd 
power, 

A pi^acticid cti^neer, who has exanained thousands of 
hoilers, says ^ " Much luiechief is often done by the inJDdi^ 
cious use of compositions in the boiler which are designed to 
prevent incrustations, especially where there is no blow off 
cock or where its use is neglected, A hard deposit on & 
boiler plates is, in the winter's opinion, not so injurious aa 
the soft and nmrldy deposit pixiduccd by the use of sucli 
compositions. A hai-d senile , , , is sufficiently mischievous^ 
but the injury to the plates is much more rapid when ft 
thicker but spongy deposit entirely prevents contiict of tlii 
water, and im]^M?des the trajismission of the heat. The money 
spent in boiler compositions would bo better applied in 
secmdng a supply of proper water, or in filtering and purifjr- 
ing the water before it entei-s the boiler. More attentdon 
to the purity of feed water would nearly always efibrt 
economy^ and would be far cheaper than using chemicsJ. or 
other ingredients to neutmlize the impurity after it ia ia the 
boiler. In many cases simply filtering the water in some 
ready way has produced veiy great improvement*' * 

A suiiple illustration of the formation of scale may be 
seen by examining the tea-kettle, where a scale (lime or 
chalk chiefiy) is left on the sides and bottom of the kettkp 
because steam formed fi-om impm-e water is perfectly purei 
it can carry nothing away with it. We may also consider 
the boiler aa, or compm-e it to, a gi^at salt-pan. Just as ^ 
Cheshire and Worcestershire salt is made by the simple 
process of evapomting water in large pans, so does salt, efcc-j 
collect in marine boilers; but there ia this difference, tliQ 
^cjile foiToed on boilera is not soluble in watei^j while salt i^- 
Here, of coin^e, we di-aw a distinction between salt i>^^ 

An effective and expeditious, but not very good pto 
to scale boilers ia to throw in a few wood slmniigs 
* Prom MattfeiCa iS'(eam BQikr Ej^iifmhiyi* 



g the bottom, and set tiiein on fii-e. Tiiey quickly I 
heat iht3 scale^ whieli expands more than the shell of the' 
holler; the hent cannot reach the latter, so the scale ia 
loosened from the plates. Precisely the sfime process m gone 
throngh^ with a diSerent i-esnlt, when a glass tumblBF is 
cracked hy pom-ing hot water into it. Tho heat in the water 
suddenly expands the inside of the glass, wMch becomea too 
large lor the outside^ and so the glass ia broken. Any scale 
that remaina after this must be taken off with a hammer ajid 
cMaeL Thhs hard intinistation 13 formed in layers, and of 
course chieUy consists of carbomite iind sulphiito of lime, 
gypsum and chalk, with common salt We have by 11s 
pieces of scale looking like pieces of h*on; in their cross 
section they have tlic appeai-ance of very tliiti alternate bands 
of iron and hard crystalhne rock, whQe other pieces are pure 
Siilt. Oil this point Mi'. Marten Kays : " Tiie practice, espe- 
cially ill certain districts , of emptying the boilers hnmediately 
the engines are stopi>ed, and before the flues have cooled, in 
order to loosen the scide by overheating the plates, has 
caused much more nnschief than those who persist in doing 
it will believej and h^is nearly ruined some otherwise good 
boilers." 

193, Salt and the Boiliag Point— There are several 
methods of ascerfcauiiag the amount of saturation of the 
water in a niariae boUer :^ 

(I) By tho Thermometer 
{2} J, Hydrometer, 
(3) 5, Salinometer, 
From whiit Las been said it will he gathered tljat the boil- 
ing point of water depends upon the quantity of salt in it, its 
Bf>ecilic gravity, and the pressing of the aii\ The sti-ength 
of a solution of salt and water has always a fixed and well^ ' 
ascerUiined relation -to the boiling poitit and specific gi-avity* 
For water with 

TiV or r of saltnosi m it hoik at 1001 CJ. 
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water when the oarometer Majida at 



27 mcHes boik at a temperature of 97° 2 C, 
23 „ „ p, dS-lC. 

29 ,, ,, ,, 99'''1C. 

m ,, „ „ 100^ 0. 

31 ,, J. ,, lOO-'-SG. 

we see at once tlie tnith of what was previoualj said, tlmt 
the boiling point of water depends upon its weight or specii) 
gra^aty and the pressure of the air. 

If^ then, water he taken from the boiler, and boiled ia tb 
©ngine room under the ordinary barometric pressure of the 
air, and it is foimd by using the thermometer that ita tem- 
perature at the boiling point is lOS'J C<, we must at once ran- 
chide that there are 5 degrees of saltness in the water, and tbiit 
precipitation of impurities ia commencing, and blowing out 
must be resorted to at once* But if by the same process it 
ia ascertained that the water boOg at lOl^J- C» (in the engine 
room), it is known that the boiler is comparatively safe and ia 
good working condition. Salt does not really deposit till ^. 
194, The Hydrometer tells us the amount of Bait ia w!iW 
by showing its specific gi-a^dty. Tlie iigiu'o in the mai-gia 
^ represents one, B is a hollow ball of braBa ef 

other metal, from which x-iaes a stem C D, 
gi^duated j A is a second globe iiUed vdih 
mercuiy to mako the whole swim nprightly 
in the water, A acta in precisely the same 
manner as the lead on a fishing line. The 
lead keeps the float ^ipright, so doe^ A the 
hydrometer. Tlio stem C D is gimluated that 
wo may road ofl' how far the stem sinks in the 
water. Hie greater the specific gravity of the 
water, or the more salt there Ib in it, the kss it 
%vl11 sinlc, so the density is thus made a test to 
exhibit the amotint of saltr We read ofi^ {not 
the density, but) the saltness of the water. 
KYDROsiETER. Each hydrometer is graduated to a particnbr 
scale, generally 55"" ■ i.e., when placed in flistilled water at a 
temperatiu'e of 55*^ the hydrometer sinks to the point marked 
55°. This is much too low, for when water ia taken from 
the boOer the experimentalist has to wait a considerable time 
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the -water to eool down before Le 
tdd be a fitr better temperature to select We now see 
i utility of the specific gnivitiea of sea water given on pagM 
3, and that the hydrometer 13 an imperfect instrument ( 
Lhout the barometer; ao useless is the one without the 
ler, that we frequently see attempts made to combine the 
5, as in tlie salimymeter. " 

195. Salinometer, — The sdinometer 

I been presented iu several shapes, ^ 
one it consists of a thermometer and 

drometer combiued iu a copper vessel, 
another, Sea ward's salinometer^ of two 
h balls. Mr, Seawai-d affixes a. glass 
DO fom^teen inches long, in a similar 
mner and in a corresponding place to 
i gkss water gauge, so that when at- 
ihed to the boiler the water rises up |M 
urn the bottom of the boiler through 
» lower cock, and remaius in the glass 

Kat the same level as the water in 
oiler. Tlie taps ai*e then closed and 
B upper one opened, and two small balls 
glass or metal are dropped into the 
Lten The specific gravity of the first 

II is such that it will sink when there 
& five degrees of saltness Lo the water 
d Bwim when more, the other ball ivill 
ik when thci-e are less than three degrees 
saltness, but swim when four or more- 
f this methcd the state of the boiler is irow's'sAUXOME'rEii- 
oa ascertained. 

Ihw's aalitioineter consists of a cylindiical vessel, A G-, eon- 
Jcted with the steam boiler by the pipe B ; the connection 
i the boUer being below the surface of the water. The 
iiantity of water admitted to the salijQomoter is regulated by 
lii cock C in pipe E. The salinometer is most usually fixed in 
ia m^e room, so as to be in constant view of the engineer, 
It it can be fixed ia any other convenient place. A ther- 1 
lomfter D is placed in the cylinder A G of the instrument 
^ show the tempemturo of the water. A hydrometer ~ 
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iloiitA ill the water. At a height corres^ndin^ to the d- ;^^tr^ 
or saltness which it indicates, and is pii>tected by the la^ til 
guard H, An ovctAow pipe F takes away the surplus waten ! 
and prevents it mniiing over the top. I is a cock for empty- 
ing the instniment through liie pip© F, It ahouldj of coiimi 
bo emptied ns often as the water is tested. 

196. Priming,— When the steam cornea from the MeT 
mixed with water, in the shape of spray or frothy it is md ts 
be primed. Priming exists under most diverse ch-cumstances; 
its cause cannot at all times bo clearly traced. 

197. Causes and Danger of Priming, — Priming takes 
place more in new than in old boilers; when there is but little 
water in the boiler; when the spaces between the tubes and 
flues are contractc<l; when there is fierce obullitionj this cattle 
may be said to accompany all priming; in passing from fresH 
water to salt or salt to fresh ; when the water us^ is mnddTr, 
dii-ty, or slimy; when ilbere u too small a sfeam chest; when 
a safety valve, being situated near the steam pipe, is suddenly 
opened. The danger arising fi-om priming is t^tj grcat^ and 
should therefore be most anxiously guarded against. We 
fehall see itj? danger and injurious eflect, if we biit con- 
sider that when it geta into the oylixtder, and there accumTi- 
lates as inoompresaible water, something must gire yf^j 
phould the test cocks and eijcajie valves act improperly. 
Priming impairs the vacuum ; in consequence of tlds, m<mi 
water will have to be used for condensation, which idll 
throw a greater load upon the air piunp, and more feed water 
mU also be required. 

198. Bemedy for Priming, — As piiming is generally fw> 
compfuiied with great ebullition, obviously the most eflcctual 
remedy will be to enlarge tlie steam chest. It is found tha* 
boilers with plenty of wat'Or surface, or with a Lirge steafli 
chest, seldom or never prime. Comish boOei^ with their 
laige water surface give no trouble by piiming, A remedy 
much practiijed with locomotiYo boilers, is to open a wieij 
Talve remoUfio^n the steam elifM and pijm. Other temporal 
remedial are : to partly shut the tln'ottle ralve; to work th« 
stetvm at a high pit^ssure; to open the furnace door, ito 
ehecking the tierce boiling ; to put down th© stop twIt^ ^ 
that the steam nishes against it, and the water is knocked ©nt] 
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inject tallow into tbo boiler hy means of the donkey pump 
or a syiinf;e iitted on p^irpose, tliia is the favourito i-emedy, but 
ffe ia foimti in some boilers to increase tiie priming, Anotlier 
remedy is to fit a steam pipe in the boiler full of email 
liolea, and Laside tliis another Bimilar pipe, but to ttike care 
that the perforations of one pipe are not opposite those of the 
other. The steam in entering dawhef^ against the inside jiipej 
and the spray falls out. Any thing that checks furions 
ebidlitionj or allows the steam plenty of qjaoe to rise, checlia 
priming. When the steam chest has to be enJargedj it ia 
better to fit a second on tlie top of the old one. Pi'iming 
arising fi-om tlie use of impme water may be oliviated by 
liberally blowing off from the surface imtU the niiisance is 
abatetL 

A veiy good plan to prevent priming in one adopted in the 
engines constructed by Charles Powig h Co. Their arrange- 
ment is to fit the step valve, opening to boiler ^ with a disc 
plate, aiTanged with orifices on its npper side so that diy 
Bteam only can find its 
way throngh the stop 
valve. A C is a section 
of the disc plate fitted 
inside tKc boiler; W L 
ia the water line, and 
B B the top of the boiler* 
so that all steam passing 
to the stop valve, which 
is situated just above 
S y, must pass ui the 
direction of the aiTows, 
thronglL the small per- ' 
forations into which tho 
top ajTOWs ai'e enterin^r. 




ENTMKCE to stop VAIVE. 

ilie water will be thro^^Ti and 
knocked out of the steam before it can pass to the stop valve. 
Boilers sometimes prime when the i^hip passes fi;om salt 
' to fresh w^ater or fresh water to salt. It hias been suggested 
1 that in passing fi*om salt to fresh water the cause is thig : 
I fresh water being lighter than salt, is upon its admission to 
, the boiler more easily thrown about by the ebullition, and 
I therefore more quny is flying; but m the same boiler mil 
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passing from firsh to salt Tro^tcr, tliis reasofi 
evidently wilJ not hold ; we liave jet to seek the true cause. 
May not the change of water eauso a seHous change in tlie 
existing condition of the boiler, and this change being accoon- 
panied by a general disturbance of the equilibrium of the 
^ater, much nioi^ spray ia thrown off than usualj and pTim- 
ing follows.* When new boilers have primed, a good plan 
adopted, is to nm into harbour and blow out the boiler 
several times in Eticcession, This has often efToctiially pre- 
vented priming. 

199, Fire Grate Surface, Heating Surface, Amoimt d 
Coal to Evaporate One Ciibic Poot of Water.— In tb 

majority of mLiiine boilers, it is usiiid now to allow three- 
quai-tera of a, &q\3tire foot of fire grate sniface, and abtmt 
nineteen squai^ feet of heating surfaee, to e».oh horsc-powcr, 
but some take these nmnbers at half a square foot and twelw 
equare feet. It ia also calculated that sLk pounds of cods 
should he consumed every hour for each boi'se-power of the 
engine j these propoHions of fire grate, heating suifaccj aiid 
consumption of coal, evapoi^te one cubic foot of water per 
hour. Loc^jmotive boilei's ai^e constructed with a much 
smaDor amoimt of fire grate suiftice ; to compensate for tbis 
the waste steam pipe is introduced into the funnel, ^Licli 
caiiiOB a most intense heat in the furnace, and it is foiml, 
the more intense tlio heat^ or the hotter the heating surface 
and the water are, the more heat will pass into tiie 
water. They consume ono hundi^ weight of coke pr 
hour on each square foot of gj-ate sm-foce, the proportion of 
heating sui*face to this is eighty square feet j on every five or 
six square feet of heating sui-faee one cubic foot of water is 
evaporated per houi\ Each horse-power requires a cubic 
foot of evaporated water per hour, hut in high pressure work 
moro. The quantity of water may be genemlly taken as m^ 
cubic foot per hoi-^e-power per hour, but it is in excess io' 
[ such engines as those in which advantage is taken of the 

I expansive force of steam. In Cornish boilers, where ^ 

■ enormous duty is obtained for each engine, not more ibtto 

I three and a half or four pounds of coal is burnt on eisrli 

L 



' See Causes of Boiler EyplosionEj— Spherojilal Coaditioa of Watcfp 
mid TFakr Pumed from Ah:. 
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foot of gmt© surface per hour. As well m a boiler 
a due prDportiou of gmte and hearting Burfaco to pro- 
e nccesisaa-y volume of steam, the fui-nace must bo 
,t,ij roomy to consimie all the products of combustion; 
i or flue surface J etc,, must l:>e adapted to abstract as 
t i^raount of beiit as possible, witliout too much passing 
I waste, while at the same time the water spaces in 
BT and the dLstauces between the tubes must be large 
to allow the steam freelj to rise, or else priming may 
e©. Again, the furnaces should never be too long, for 
;ers will find a dijBScnlty in keeping the bars frco from 
^ the clinkers as well as the fim not being faiily 
reach. 

Feed Pumps. — The feed is snpplied to the boilers in. 
the following ways : (1) By boiler hand pumps ; (2^ 
donkey engme; (3) by the feed pimip proper j or (4) 
trd^S injector. 

lie boOer ktnd pumps are fitted to marine boilers, so 
en there is no steam up men may fill the boiler by 
roTidmg it is not sufiiciently below the level of the 
ma, Vfater to nm in feely wben the Kingston Talve 
d. 

he donkey is a small steam pnmp in the engine- 
be set to work to fill up the boilers wheit the 
i waiting for oi'derg. The donkey has alwaya the 
pamp piston at opposite ends of the same 

' pumps which have been alr^idy explained, 
i-tionary engines part of the warm condensing water 
1 iiito the boiler as feed; the rest, by far the greater 
\ being allowed to nm away. But the feed pumps 
ft aH times be capable of supplying ranch more water 
B boiler in its uonnal state will iiso. The capacity 
ed pmnp is generally about ^s-j-jjth that of the cylinder, 
it cim supply moi^o than ilwes times as much as is 
,t While the steam pipe should be attached to the 
point of the steam choatj the feed pipe should bo 
low down as possible, so that the cold water may 
y rise. In most Government vessels tho feed and 
pUJn^ are m^do of bjusg* 




I 



17i 



STEAM. 



h. 



gOL Locomotivo Teei— ^Iq looomotireg the feed pnmpa 
are made of Lra^s and the plunger 
of iron or hvHsa. Thej are woiketl 
eitter from an eje on the back of 
the eccentric (see fig., p. TO, G),or bj 
the piHton croaahead. The passage of 
the water from the tank to the boila* 
is governed by thrae ball valves mul 
a cock or valve box close to ^e boiler. 
The lift of the valves mnat never ex- 
ceed y^g^ or -j^g^ of Q3i ttich. ThcTG am 
iDfeneraUy two pumps to each engine. 
The water, -when directlj adinittal 
to the boHei^, enters about tilfl 
middle of the hottora, but somfr 
thnea a pipe passes it thi'ongh tit 
emoke box fir&t to extract as miicli 
heat as it can fi-om the heated gasea 
before it gains admiEsion to the 
hoiler. So aho in the marine en- 
gine, tlie -water sometimes enters 
the boiler from i-onnd the fimneL 

202. (4) Giffard's Injector.- 
This is a novel contrivance for fee 
ing boilei-Sj fast superseding all 
other methods of feed; but no ~ 
vineiuf^ exiilauation of its aeti( 
has yet been offered. The niHUit- 
faetm-ei'H claim for it these advan- 
tages : — 

(1) It is as cheap as a piunpfti 
its connections ; (3) it saves i^^- 
we^r and tear of pumps, ifhieli ^ 
locomotives and other high preseui* 
engines iii-e veiy considerable; 
it saves the jwwer reqiiii^ to worl 
the pumps; {4} tlie vrater enters ' 
boiler at a high temperatiu'e, so 
luiat \5i lost -, i^i^ ^OTiL csML feed 
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lotion, thus saving donkey pumps; (C) it is free from 
&k of damage or atoppt^ bj frost. 

I ATe will suppose it properly attached to tlie boiler, it ihen 
l&rks in tke following manner :^ 

G I X3 tlie injector, N is attacliecl to the boiler. Steam 

ia pass into the injector at N. When tho handle d ia 

pved np, Hteam niKliea tLrongh a i at i, whei^ it meeta the 

Itter supply coming into the injector afc E, The steam 

ivea the water through n^ and beyond tbe valve s, into 

boUei% When there ia aufileient water in tho boiler, the 

ve s IB forced iipwai-ds, and no more water can pass itj 

wast© water can then psias through the overflow pipe L. 

e Bteani to work the iujector must be taken from the 

ighest pai-t of the boiler, iind must not bo i>rimed. Tlie 

.ter ilriven tliroiigh it may be kiken from a cistern over- 

or from a femk in the ground; but the ilistance fi*om 

level of the water below to E above must not exceed 

'eet. Now it is fottnd that the pre^sm'e of steam wiH 

ly diive the water into the boiler, although it haa to 

e it against the presaui-e of both the ateam aiid waUr iu 

boiler* 

A jet of steam moving with p€rhap3 a velocity of 1700 
at per second, is instantly condensed in perhaps twelve 
aaos its weight of watL>r. Tho combined jet will thcix 
ove, by the momentum imparted to it by the steam, at one- 
Srteenth its former velocity, 131 feet per second — the 
lotion of the steam Ijeing wholly imparted to the water, 
laua the jet properly dh^ected ^enters tho boiler, and we 
ai find an exjdanation of the action of the injector by 
iply considering that it acta solely by the momentum 
" to the water by the jet of steam. 



EECISES CHIEFLY FROM EXAIVimATION PAPERS. 

by is tho hydrometer aa imperfect inatrument without the 
aometer( 184)3) If 

"What quantity of water at 56' F, would be Teqiiired to ooudeiifio 

cubic feet of steam at a pregaiiro o£ ^~i Iba. per Bquaro inch above 

*vtiiio!sphere, ao thiit the temperature of the wWVi ^\a\:^.^ \w 
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Temperature of iBJacticm water ia pftiaod 100' - SG'';^ 44'*l',=21t 
lOO'F. - 371C., and temperature at 50 Iba, pressure ^ 2Sfl. 
Tatal heat in eteam at 282^F. ^ 1082 + 305 x 282' ^ 1 168" F. ^U^ 
liektivQ volume at 35 Iba* obova the atmoaphero, or at SO Ik J 

= 552. 
The relative vohuue may be taken ws^ tlie number at cubic le^jj 

steam produced from a cubic foot of water. 

. \ Number of feet of water = ^^ - 271. 

5i>2 
The atcam liaa to give np fi4f> - 37J ^ Oll''|0* 
Sincfi *jach unit gives up 24°4t^* 

, ", Injection water required— rrjv — 25 times the water ©rapoTsfe^ 

r. Quantity of water required :^ 271 x 25=6775 eabic leei 

3. When a boiler is filled witb. aea-wateT, it is tlie practice t& 
the degree of saltness from time to time ; why is tbia ? Descnb^ t^^ 
apparatus employed, and the m.etliod of nsing it (1871). 

4. Describe GiiTard'a injecfcor^ and give some explanation ol i^ 
action {Honours, 1871). 

5. Describe the fe^d pump and valves necessary for Bupplyine: tta 
boiler of a locomotive- Wliat is the principle of Giffard a injects 
(1809)? 

6. The brine pump of a boiler being choked, how is the brine to bfl 
got rid of^ the steam gauge indicating 4 Ibfl. and the upper suif iWi* ^ 
the water being 2 feet below tlie level of the sea (1&68) ? 

Ana, There will be nearly 1 lb- pressure per square inch to clear it. 

I. Describe a method of ascertaimng the degree of fialtneas ol thfl 
water in a marine boiler (1870). 

8. How is the degree of saltness of tlie water in a marine boikr 
ascertained ? 

9. Show gonerally how lO determine the amount of fuel lost ^>y 
the process of blowing out in marine boUor^ (UononrSj 1871). ^ 
qnestions at the end. 

10* Give an analysis of sea water, and state clearly what is thA 
amount of solid matter in it» 

II. How ia the boiling point of salt water affcoted by the aiiumii^ 
of salt in it ? 

12. Describe the manner in which the salt and impurities ii6 
** blown off'' from the surface. 

13, What is How^s saHnometer? alao state tho principle on whidl 
Seawaid's sabnonieter is constmcted. 

14 What are the remedies against priininffj and what do you mew 
by priming f can yon accoimt for it taking place ? 

15> Give the relation between lire-grate surface, heating 9ur£ai% 
^d the evaporative power of the boiler in a marine engine, 
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TUe Beam Engine ^Horiaontal Engine — Vertical En^iin© ^- Table 
Enguie— Portable Kngine — Ramabtjttom'a Inttirmedial Engine — 
VwEs Engine — Caloric Engixie— Siemen'a Eegenorativa Engine— 
Fire Engine— Cumiah Pumping Engine, 

203* The Beam Engine lia^ been already fiilly explained 
in CJiapLer III* It is tlie most genciral form of the land 




BEAM lafCIKB, 

Engine, Wo have now to allude to a few of the shapes, 
which for convenience, room, sa^^ng of expense, etc., have 
l)eeQ adopted by varioiia makers, Mei'ely remarking that 
after the descriptions given of the heam engine, and of the 
taiaiine engine genei-allj, there ia yeiy litfle to which to 
direct attention, excepting the differeiice of arrangement. 

204. HorizoEtal Engine, — In this, which ia one of the 
most QOttvement ^d compmt form o£ eEgmaj t\v^ ^^i^at^ 

U 
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aiTMagement m m illustrated in the figure giveiL lielow,j 
although they vary in detail with the caprice of the mater, 




HOMZOKTAl EKGIKS. 



A B is the cylinder lying horizontally on its side, v is 
Talvc to admit the steam from the boiler by way of the steam 
pipe S P 'j the head of the piston rod is seen at g, the crossr 
h^ of which works within tlie guide or guide bars a b^ a^id 
to the croaahead of the piston rod m attached the comiecting 
rod g Cf which works the crank € r. The main shaft is sho^n 
at r, darkened, this carries tho^?/ inked F W ; / is the \m^ 
working the governor Gr by means of pulleys, the driver beiDg 
on the main shaft ; of course the work is taken off the mm 
shaft r. The whole is generally suppoi'ted on firm masoniy 
CD- 
Advantages of Horizontal Engines* — The advantage 
gained by the use of a hoiizontal instead of a beam eag^]l(^ 
are : they require no '^steadying staya" or supports, but can Ids 
bolted to foimdations; they veiy snugly occupy but little spacCj 
and give out power as near the ground as ia required; they ciia 
be mado at considerably less cost, for the working parts aw 
fewer, and loss metal ia reqmred in theu- construction. The 
bottom parts of honzontal engines are liable to wear more 
than the rest — this is an objection. The cylinder occasioually 
becomes grooved out by the friction (gravity) of the pistoa 
Engineena guard against these defects by providing suitable 
bearings, well balancing the several parts of the enginej and 
comtmcting it of the beat material aad workmanship. 
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S05* Vertical Engma. — la manjr positions Terticaleiigiiies 

e very much better fitted to accomplish the work reqmred 
an torizontal, Tbej seem especially adapted fca^ crane^j and 
^ like services. 




The letters in both figures correspond. 
ii the cylmderj from "whieh procoeda tlie piston-rod p, 
lie head or crosahead, g^ of the piston-rod moves in guides 
^, the connecting rod is g c^ Avorkiug the oiimk c r. The 
aft is r, which caniea the fly wheel F W ; the motion is 
ken from the end of the ahitft at s, or sometimes F W is 
led as a dnmi, and the work is conveyed by an endless band; 
e governor ia pWed at G^ and the mamier m wMch it works 
seen in the right hand figure. E is the eccentric working the 
4efl at # ; B is the boiler, to which the fi-aming of the \ 
gine is attached, the boiler is generally a vertical tubular 
le. It is evident from tie circtimstancG qI IJkQ mgcsi£i\3fe\T^^ 
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attached to tlie boiler^ that ibis claaa m not iutanded to gi^e 
out powerful work. 

Yertif^ engines are frequently iiBed where Bpace iB &^ 
object, but they have to be rigidly supported to prevent 
TihratioiL The sHdes of vertical and horizontal engines m 
worked in the usual manner by eccentrics upon the Bain 
Bhaft. Horizontal engines htive expansion valTes very 
frequently, which are worked by separate eccentrics; of Mk 
kinds of engines the boiler and boiler appendages, fpicli as 
safety valve, communication valve, pressure gauge, va<!uusi 
gauge, gauge cocka, and ai-rangement of the fireplace, &re all 
the same. Vertical engines are generally non-condensmgf 
and the escape ateam is utilized for the blast. HoriKontal 
engines are used both aa condensing and non-coudensiagi 
but generally the former. 

206, Table Engine. — Before the introduction of homontal 
engines, these t^ble engines were very common, but are now 
gomg out of fashion, cliiefly because there is a good deal of 
extra gear connected with them, and they are therefore mow 
expensive. The cylinder st^inds on the top of a large cast- 
iron plate or table, supported frequently by four colunias, 
above the cylinder is a high erection or guide for the piston- 
rod to move upwards and downwai-ds vei^,ically, from tlie 
crosshcad of the piston-rod two side rods come down by tlie 
side of the cylinder to work the crank which is below the 
cylinder. The additional parts aa compared w^tk pluin 
vei-tical engines, are an extra connecting rod, crossheai, 
crosstree, and two aide rods for slide valine, two guidea and 
blocks for the same. As an engine it possesses great dum- 
bility, but it has, as piisviously stated, a lai'ge amoimt of 
extra geaiing ; all its parts ai-e well balanced, 

207. Portable Ea^ne, — A portable engine differs m no 
essentiiil pai'ticuiar from an ordinary horizontal engine^ 
excepting that provision has to be made to caixy both boiler 
and engine on two pair of wheels, 

C is the cylinder working the piB ton-rod p^ the crosabeaJ 

of which moves in guides or else ia kept parallel by gvude 

bai^ J c e 1^ the connecting rod to work the crank c s, the mam 

fih/ift h^ing ffj to the ^d of which is attached the drum or 

piUlej ff IV, ^hi^li t)A^ Wi^ ^ % i^ ifttel ; the dides m 




beneath it is the aah box ; B B' !» the barrel of tho 
r, iv^hich is of the claas multitubular; at B' is the 
JB box and H is the chmiuey. The boiler in a good 
f points resemhlea the locomotive ; the waste steam is 
ted from the boiler to the fumiel to create a draughty but 
cylhider is generally on the top of the boiler and not 
r the smoke box; or else the oylinder with the pipes 
acted with it is placed inside the boiler, which certainly 
3nts min, frost, etc., from condensing the steam m it. 
shaft with its pulley or drum communicates the motion 
le engine, by means of an endless band, to whatever 
tine it has to diive. 

^nctive Features of tie Portable Engine. — Be- 
Kie distiuctive features which may be seen at a 
15 it is absolutely necessaiy that the machine should be 
fht as possible^ to enable it to be easUy and readily taken 
place to place; hence no condensation of steam is at- 
ted, Imt the waste aiising frora noii-^otidETiBa^assD. t& 




utilised as muck m possible in increasing the draught. 
portable must be plain and economical, bo that hein^ used 
hj agiicultural laboiirergj etc., it may not b© liable to dis- 
anungement, hence all its parts are very simple and light, it 
never being intended for vcr^y hard work. These engines are 
also very compact and cheap, requiring no expense for brick 
worfcy setting, etc. They are used for brick making, tile 
Ynaking^ pumping, Tsinding, thrashing, cniHhing, chaff cuttmg, 
and almost every otJier agricultm-al pni*pose* 

The slides are worked by eccentrics, in the usual manner, 
and steadiness is given to its motion by a governor- it seltoi 
or never does its work directly, but an endless band ia alwaja 
employed. 

208. Eamsbottom's lEtermedial Engine.— B D is the 
cylinder* The connecting nxl A R and crank C c, as wdl 
a^ the piston P P, are all within the cylinden 

The piston is long and hollow, the ends P P being cob- 
nected together, as seen in the figuroj by a and a\ so that tbe 




bahsbottom's xntkbmedial E2<-amE, 

cimk actually works mtkin the piston as iveU as within M 
cylinder. The engine is ©\4dently veiy compact^ but is fli*l 
adapted for heavy work. The stroke is very abort. 1^1 
shaft is seen at M, wMo the valves are expkmed ^ J 
theii' proper iilace. The ^ov^^mQi laT^^ass^ «d. the top Bff| 
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^the cylinder^ and " mtioh of the gtraggling meclnmiani of tho 
ordinary foitn is brouglit together." " Xhia form of engine 
^requires little fijcing, and poaseasea a great range of speed." 

209. QaB Engine,- — A gas engine is one i^hoae motiTe 

power is obtained by the explosion of a mixture of gas and 

air, either by an electiic current, aa in Lenoir's gas engine, 

or by external gas burners, aa in. Hngon's. The cylinder is 

furnished witli a piston like an ordinary steam engine. It 

Jias passages on each side — one tiie inlet, the other the ontlet 

{passage— each covered by its slide worked by separate eccen- 

jtrica. The mixture of gas and air, by the explosion of which 

rtlie engine h worked, is admitted by the inlet valve. There 

Is a recess in the valve where the gas becomes mixed with 

latnaospheric air, the latter being introduced through an 

opening in the top of the valve. The proportion of air to 

gaa used is as eleven to one. The outlet valve is very much 

like the inlet valve, but the ports through the back of it 

keep the recess in the valve in constant communication with 

tho exhaust passage. The eccentric to work this valve is set 

on tho erank shaft in sncb a position that it uncovei-s each 

) port alternately J just befoi-e the pii^ton has completed its 

I stroke either way, and releases the vapour form^Ki by the 

pi-oducts of combustion. There are water spaces roxind tke 

cylinder covent and exhaust valve, to carry oif the heat 

generated by explosion. Foiming part of the engine, 

there is what is called a distributor, which regidatcs the 

transmission of the currents of electricity to produce the 

sparks which explode the mixture of air and gas in the 

cylinder. An " igniter,'* consisting of a bi-ass plug throngb. 

■which a china cylinder passes, having two sepamto insulated 

copper wires passing through it, is inserted at each end of 

the cylinder. At the end of the porcelain cylinder, within 

the engine, the two wires ai-e brought nearly into contact, so 

tliat a spark can readily pa^ between them. Tho igniters 

are of course connected witk the dLstrihutor, and batteries 

are emj>loyed for generating the electric current. 

The Action.— in starttag these engines, it is necessary 
to turn the fly-wheel round quickly two or thi^ee times by 
hand, then open the valves, and connect it with the dis- 
tributor, etc* It should be weU in moUou \^iQtQ t!^ttSie;Kiua&. 
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wilJt ilie wark it htm to do> Let ua suppose the engine in I |j 
motioJi, (ind tlie piston just commencmg its, stix>ke &om tlie 
craiik shiift. Tkt3 poi-t icatUng to the end oeai- the crank is 
iincovt^red bj the inlet valve, the piston moves on word, iuitl 
the mlxtm*e of air and gas runs in, iilling the \^mm 
behind the piBton. Jiist before the piston re^ujhes the 
middle of its sti-oke, the inlet valy& is closed, and the cutrKit 
of electiicity having its cii^citit completed, produces a spw^ 
which ignites the explosive compoimd of gjis and air, A httli 
before the end of the stroke, the e3chai;st valve releases the 
encloeed vapour. From indicator diagtunas taken bj ilr* 
BBiith, of the Patent Museum, South KeJisington, it hai 
been shown that^ when running at 110 revoluticms per 
minute, the indicated horge power was double the nomia^. 

210, Caloric or Hot Air Engine, or Air Engfne.—Al- 
though we place the air engines in this ehaptter, it must b& 
distinctly understood that Captain Ericsson's first attempt 
was to adapt the caloric engine for nmiine pmposes. 

Air Engines are veiy similar, in aH their working 
parts, to the ordinaiy steam engine, but air expanded hj 
heat is tho motive power employed, and not steam. In tJi« 
first attempt at a caloric engine, the air was heated to a Hgt 
temperature^ and having driven the piston within the cylinder, 
U was allowed to escape into the atraosphei-e j the great 
question has been how to save this heat, and economise the 
expenditure of fnel. Messrs. Stirling efiect an economy d 
heat by using what they term a regmerator or ecoTi^nmin^ 
process. It was discovered by Dr. Stirling that if heat be 
jmssed through a eomi^artment tilled with sieves of w-Lre-gau^ 
or even minutelj divided metallic passages, it will leiive A 
large amount behind ; this is pi-ecisely the plan adopted, tbfl 
hot air, having driven the piston dow-n in the cylinder, i^s^ 
outwards tlxix»ugh a chamber of fine wire-gaii2e, leaving a go(»d 
deal of tlie heat behind in the sieves and naiTOw pfifi£it|,'ie3; 
other K\x whicli has to enter the cylinder next, is made to pass 
inwards Hireugh the same, liaving imd added to it a little 
addition of heat, and gatheiing up heat also from the sieves 
and muTow jiassages, it effects the retnra stroke. This being 
repeated over and over again, it is evident that the same h 
inll be continually doing i^ork. 
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In another kind of air engine compreEaed liot air Iiaa been 
yxsed to give tlte 'i^ciprocating motion to the piston, Whil© 
the name of Stirling is associated with the attempt to adopt 
air enginea to land purposes, Captaio Ericsson haj3 worked to 
imike the caloric a niiiHno engine j although aa regstrda the 
priinary object of the inventora these engines have proved 
» failure, yet they Lave met with a certain amount of 
Bueoess. Small ^ir enginea have been extensively used in 
the United States for diiving printing pressea and other 
light work. m 

Motive Power of Air Engines. — ^The motive power 
iof snch engines is found in the circumatance that aU bodies 
^expand by heat and contract by coid, whether it be a gas, 
liquid J or metal, so therefore if they be subject to two ex- 
iti^emea of temperature they wOl develop a certain amount 
of power^ the only question is how to utilize it. In a ateam 
engine^ the extreme difference betiveen the temjierature of 
the boUer and condenser is not very great ; now air can he 
subjected to greater extremes of temperature than water, and 
therefore is better adapted than water to act as a motive 
|wwen The practical difficulties have hitherto been so great, 
chiefly to prevent the enormous waste of power, and the high 
tomperature to which certain parts of the engine are subjected, 
that their employment has been prevented, unless under very 
limited circumstances. 

211, Siemen'a Ing^ine, or Regenerative Engina — Mr, 
Biemen hiis invented an engine in wliich the conversion 
of heat into mpclianical effect haa been pretty sitecessfiiUy 
accomplished. He obtains his motive jjower by alternately 
heating and cooling steam, or by expansion and contrac- 
tion. The regsneratlm engine is constructed on the same 
principle as the hot air engine explahied in the preceding 
paragraphs. By the pecidiar construction of the cylinders, 
i^ceivers, etc,, the steam takes up heat and gives it out 
as it passes from one cylinder to the others, of which there 
are three. Two cylindei:s, chilled tho working cylinders, 
I have plungers, and the other a piston. The steam is heated 
I to a high temperature in the plunger or working (^Unders, 
;nnder each of which there is a fire. Part of the heat is 
consumed in chin^ tho mechanical work oi M^\jv^ ^^ 
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plungei^j much of the rest is taken tip bj the ^egmmim 
as it passes to the tiiird or regenerative cylinder. Ttie 
regeiwratm-s have been explained in a previous page, hi 
the regenerative cylinder, th© steam acts in the ordinaij 
viraj after its temperatnixj Las been reduced in the regenen- 
tors. It then returns to the plunger cylinders, where it 
receives additional heat and coinmencea its round again ; m 
that the same steam goes round and round^ being contmiiEiUy 
employed. The regenerative or third cylinder conmaiinlcates 
at one end with one working cylinder, and at the other 
extremity with the second. 

In jufitice to others, it sliotdd he remarked that Siemen^s 
engine resembles Stu'liug's, except that he uses Batumtri 
steam instead of air in the regenei'ator. Could the wear and 
tear caused by the heat to the heating vessels and cylinders 
be prevented, tlxeae engines would come into extensive oBe, 
as there is with tliem a remarkable economy of fuel, as liigit 
as 60 per cent, 

212. Fire Engine. — The /re migine can be scarcely ranted 
as a distinctive engine. It is simply a Bteam pimip c«i 
wheels; although, of course, there aro several difficulties to 
he overcome in connection with them. The two eascntkl 
qualities required are, that the steam shall be got up very 
rapidly, and that they shaD be able to throw water to a good 
height. 

Sicssrs, Merryweather 4 Sons have made these enginefl 
quite a success. The arrangements are such that the Bteam 
is raised in about ten mintitea^ while tmvelling to the h'^^ 
The boOers, with the bla^t pipe, are of steel, with copper 
tubes and large water spaces. They are fitted with the 
necessary safety valves, gauges, and Gifikrd^s injector. %^ 
valves are arranged to allow foul and giitty water to pass, 
and steam can be conducted to them ko that they cannot 
freeze by the winter's cold, and if they shoidd become fiiozea 
they are easily thawed. The engine is dii-ect acting, witlj- 
out fly wheel Sp cranks, or dead centres. The SulJberland. 
yy'iB. throw 1000 gallons per miiiute 200 feet high in a 1^ 
or 1| inch sti^eam, Tbei-e is, of coiu^se, an air vessel to 
render the stream of water continuous, as in the coramtm 
hmd £m enmne. 
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213, Cornish Pumping Engine^ — Had this engino come 
nder our notice in tke earlier part of the workj it woiild 
ave required many pages to fully deacrib© itj biit the chief 
oints have been already illustrated imder such headings as 
tie Beam Engine ^ Bingh Acting Eiigine^ Cylinder, Oonn^ci- 
ng Rod and Cmj^*, Corniih I)mM& Beat or Crown Valve, 
^ataract^ Es^rmonj Duty, etc-, to all of which he^iinga 
he student is directed to acquire a full acquaintance 
riih this enguie. In a preceding pttge we remarked 
bat the main object of early inventors was to produce a 
aachine to lift the water from the mines of Cornwall and 
)evonj and perhaps it is no exaggeration to say that a large 
iroportioii of the engines of Boulton and Watt were sent into 
hoae counties. 

CoTTiish Fumptng Engines arc generally &inglo acting 
'©am engines. Three slides are used to regulate the supply 
f steam in the cylinder, viz,, steam or expansion, exhaust or 
duction, and the equilibrium slide. The cylinder always has 
. jacket. The steam is worked at a very <^n-ly '^ cut off/' and 
he greatest advautage is taken of its expansive properties ; 
onseqiiently the engiue moves slowly, its sti'oke lieiug rega- 
ated by the cataract^ although in its earliest form Watt used 
he governor to give it steadiness of motion. A fly wheel i^ 
:Qiierally employed, the steam being used to effect the down 
troke of the piston^ the weight of the piunp rods, etc,, per- 
orming the up stroke. The action of the steam is this : 
he steam valve admits the steam to the top of the piston, 
nd after doing the duty of forcing it down, part of tho 
troke is done expansively ; by means of the equilibrium 
^ve, the same steam is allowed to pass to the bottom of 
he piston, and assist in tho return stroke, after which it 
scapes to the condenser through the exhaust valve. Bee 
Hngk Acting Engine, 

The beam is genemlly an unequal one, although equal 
leams are occasionally employed. It is supported on two 
ast-iron columns, but generally on walla of solid raasomy, 
!!he reason for using an unequal beam is to give the piston 
» longer stroke without increasing the velocity at whicli the 
iump plunger works, and thus preventing the wear and tear 
if the latter. A^ai»^ high presiiure steam msjk,^ \iei xia^^ V\i3^ 



ISS ^l^p BTIAM. 

a loTjg Btroke, inthout being obliged to strengtlien tbc oilier 
pjirUi of the **ngin© in proportion to the stroke, 

Tho slides are not ordinarily worked in tLo commoa 
manner by an eccentiic, bnt by tappets on the air pamp ml, 
or else on the ping rod. As the beam goes up canyiag the 
air pump rod, a tappet or projection on the rod strikes the 
extremity of a Bimple lever, lifting it np ; the other ex- 
tremity opens the steam and exhaust valves, and closes iba 
equilibrium, and in going down it reverses the process. Tiinfl 
the slides ai^ worked. The water is lifted on the (iowi 
stroke of the piston by the extremity of the beam by means 
of a pipo pa.'iHing down the mine shaft. It is not elevated 
right up to the top at outo^ but is driven from the bottom 
by an ordinary single acting valve, consisting of a pluDger 
of suitable size, the water being forced into a cistern or taik 
at the first level, and not allowed to return by means of 
valves ; the next stroke forces it up to another and higher 
level, and so on. If possible, they make the water drainage 
of each level run into its own tank. 

To give an idea of theii- size, the following are the dim^- 
eions of one of the engines erected by Boulton and Watt^— 

Diameter of cylinder, , 2S iiichea. 

Stroke, .,..., 8 feet, 

Nimiber of strokes per minate^ ... 14 

Diameter of lifting pamp, i7i inohBB. 

Stroke of liftiag pump, 8 feet. 

Water r^sed, 126 feet. 

The dislintiive features of th& Cornish sint^le mtUig pnmf 
uig engines are: the large employment of the piinciple d 
expansion, by which a very gi'eat economy of fuel Loa been 
realized ; the use of the catiiract to ensure a slow stroke, bj" 
regiilatiog tho supply of condensing water; the mode ia 
which the valves are worked ; the emplo3rment of steam for 
the down stroke, and the up stroke being peiformed bf 
the weight of the K>ds, etc., at the other end of the beam] 
and a plunger is employed in the pumps, and not a lift oaf 
bucket. 

The eduction valve allows the steam to escape to th» 
condenser, when the down stroke ia to be made j it is opeaed 
u little hefom tho &tearm or e^^^m^l^m ^^\xq^ sq that it may 
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liave a longer time for condensation, and that the down 
Btrokc may take place the instant eteani i^ admitted. 

Por a general description of tl.is engine we may consider 
the figure of the beam engine, on page 177, m a Comisli 
pumping eJigino ; but instead of tlie fly wheel u %\ and tJb^e 
small geai-ed wlieel to the right at %ho bottom, we must 
imagine that from A descends a he^avy pump rod dovm into 
the mine from which the water is to be mised. To the same 
end is attached the plug rod to work the cataract. At the 
other end of the beam ia fii^st of all the cylinder E F with 
the piston rod E B, while G H is the air pmnp rodj and H 
the ail' pump, L M is the hot water or feed pump rod and 
pmnp, as the air pump rod ascends and descends it works 
the valvea. The water ia elevated by the pump rod at tixe 
end A by finat raising it from the lowest level to a higher, 
when it m delivered to the pump, then to the pump nus:t 
' Bvcj and so on until the water reaches the surface. 
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1. Give a description of a heam en^e. ITpon what pnnciplo 
is it coiifitmcted, and bow are the slides worked ? 

2. Describe a siinple and effective form of horizontal enginje. 
What ddyantagea are gained by the use of such engines 7 

3. How does a vertical engine differ from a table engine ? State 
the distinctive ajrangementa in each case. When innj vertical 
engines be advantageously employed ? 

4. Describe a simple form of portable engine adapted for agricul- 
tnral pur^ea. State clearly how the siidea are worked, and how 
the work u ts^en off the engine. 

5. Wliat ia the general form and principle of Bamabottom'a 
intermedial engine T 

6. Describe the form of engine ia which gas ia i:iaed as the motive 
power. State clearly wherein they differ from a horizontal engine. 
Give a fuh description of the *^ igniter," and the theory of its actiun. 

7. Dogcribe a eali>rie engine, and show clearly how the motive 
power is tr^tated. Can yoa teU what is meant by the " regenerator'^ 
as used in. thesa euginoa, and describe clearly the prmciple on 
which it acts 1 

8p How does fiiemen's engine differ from tbo hot air engine ? 
0. What are the distinctive features of B, Comiah engine ? How 
U the wat«r elevated by these enj^Hnes ? 
10. E^loia the piEtimer m whit^h tli^ sl^^na ^t^ in Watt'ti siat^k 
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ncting pumpmg cngitia* Why ia this engme ao much more ecoa* 
omici m Btoam than the old oteiospherio engine (1870) ? 

Ih Ex|jlaiij the principle iipon which the parallel motion of & 
beam engme ia constnxcted (1870)* See questions at the end, 

12. ytato the jpriQciple of Watt*B single acting engine ob spplietl 
in ^jnmping. "Wliat valve* are neceftsaiy for the working d thfl 
engine It How is the number of the stToses to be made per joinute 
regulated T DeHcriW the cataract emj^loyed for that purpose (1671 J. 

13^ Belme the duty of a steam engine. What ia the average duiy 
of the pumping engmea in OomwaJl? How do yon explain tiifl 
incr^Mvsod duty obtained from auch engines by employing atcam at a 
higher pressure and by working expanaively (1867) ? 

14 Sketch in section steajm oyHnder and valvea connected with it, 
as aitMjged in ^Vatt^a single acting pumping engine. Explain thfl 
object and use of eM;h vaJvc, a ho wing at what periods of tho atrflkfl 
they should be respectively opened or closed (1871). 

15. Give an account of the principal diacoveriea of Watt, and tie 
advantages derivable from them (lbG7). 
^ 16. Describe the Cormsh double beat valve (1867), 

17. It was stated by Wattj that neither water nor any other iiil»« 
itance colder than steam should be allowed to enter or tondi thfi 
Bteom cylinder during the working of an engine. Show that tl^ 
rule was not adopted in the case of the atanospheric engine, ami 
deBCTibo the arrangementa by which Watt gave effect to it (1872). 

18, There are three valvea connected directly with the gteani 
cylinder in Watfa sinde acting condensing engme. Name tbeffl- 
During what portions of the tip and down strokes of the piston &hoiild 
these valvea be respectively open or ahutj and for what reasun {Ul^}' 

Several of these cj^uoationa are repeated for the convtuienco of 
the atudciita. 



CHAPTER Xn. 

COiiBUSTTON AND PREVENTION OF SaiOKE. 

DaliiutioE— Foot Poand — Combustion — AiuiljEis of Coal — Pr^eventioa 
of Smoked— Smokeless Coke— Eules to Avoid Smoke and Waste 
of Fuel. 



214. Definition, ^The combnetion of a pound of coal 
produces SOOO thermal units of beat.* 

A thenrial unit of heat is the heat meoessary to mse a 
po^md of water one degree in tempez-ature. 

" Tlie quantity of heat necessaiy to raise one pound of 
"water \° Fahrenheit in temperatnre is equal to that 
ganerated by a pound weight falling from a height of 772 
feat against the earth, or it would i-aiso 712 pounds 1 foot 

215. "Foot Poimi" — ^The term foot pound has been 
introduced to express in a convenient way the lifting of a 
potuid to the height of a foot. Thus the quantity of heat 
netBssary to raise the tempei-atnre of a pound of water 1^ 
I'aJirenlieit being taken as a standard^ 772 foot pounds 
constitute what is called the Tnechunical equivalent of hmU 
If the degiiees bo centigrade, 13&0 foot pounds constitute the 
eqmva!ent.'^t 

216» Combustion. — Cm^mtion is chemical combination 
attended with the evolution of heat and light. 

^Jlame m gas or vapour luised to a high temperature hy 
Combustion. From this definition we see the reason why 
tb& direct impact of flame against the flues ajid tubes of a 
Wiier should be avoided as mucli m possible. 

Gsmot^B Pky^^f p, 401. 
t Tyndall's Heai as a Mode &f Motion^ ith E^, ^j, 4a, 
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217. Analysis of Coal. — ^Caking or Utummoua coal mi 



75) per oeni of oar1>cai« 









■ 217. 

^V 100 

^^ AH amalyiOT Tary according to the coal taken, 

quantity of carboa in diffei^^ent \*arietie3 of cod Taiisi 
^L very materially ; uot only do the different kinds of coal, a 
^g caking, sjilint, cancel, anthracite, etc., differ in their mmii 
^ tuenta, but the coal from the 6ame seam will vary coi 

»abl7 from tho normal standard of that kind of coaL 
heating powers of coal vajy with the amoimt of carbon— tie 
more cai'bon the moi-e heat will be yielded. The best oodi 
iiPB the Lancashire, the Durham, the Staffordshire (locallf 
called brown coal), and the Welsh anthracite, or stone jmd 
furnace coaL Lignite, m a rule, posse^es two-thirds of tlifl 

I heating power of good bituminous coal. Peat contams^^ 
the average a Httle less carbon than lignite, or about &(J pel 
cent. The Americans give ajmlyses which lead to tlxe (Xjfl- 
elusion that their anthmcites contain more carbon thtm one 
best coals; but it must not be forgotten that antlmuiito 
requii'es an intense heat, a good supply of oxygen, and coif 
siderable time for its combustion ; but we must set ogalBst 
I this that when it does bum the heat is very fierce, 

H It is plain tlnit tho qmuitity of air necessaiy for perfect 
^1 combustion wiU depend upon the fuel used. Caking coal, t\^ 
^M Welsh, which fills up the spacoa between the bars, wdl cer- 
^P taitdy reqiiire a greate r admission of aHifioial aii* than the ligii*' 
burning coals from Staflbrdshiro or Newcaatla A permaiH nt 
opeaiug of from 40 to 50 square inches behind the bi"idg» 
has been foimd very effective to prevent the escape of carboa 
^ (smoke), and resulted in a saving of 33 per cent, in fueb 
^1 When coal bm-ns it throws off light carburetted hydroge^r 
^" heavy ctirbui^tted hydrogen, cai^bonic acid gas, carbonic oxi^^i 
etc,, each of which, as it produces heat, will combine only 
with its proper propoition of oxygen ; therefore, if tmv^ ^ 
supplied by introducing too much fi-esh air, it does hiy^T 
K not only by cooling the intera4 eui^'&ce of the flues, li^^ 



J 



pnEVExnoN or s»oke. 



m 



fremembering that a kigh temperature is neoeHsaiy to pro 
luce combustion) bj preventing combustion. It >i£ls been 
piX3ved that hydi'ogen fui-nisheSj weight for weiglit, four times, 
as much heat as carbon ■ therefoi-o tlio 4 J parts of hydrogen, 
in coal wHL produce 4| x 4 = 17 pai-ta of heat, and the cm-bon 
T51 ; or out of 1)2 parts 75 are produced by the great pre- 
pondemace of the Ciirbon, and 17 bj the small amount of 
lifdrogen. In round numbera, we nmy say out of 100 Ibg* 
of coal 80 lbs. axe caibon and 5 hydrogen (which latter gives 
'Wt equal to 4 x 5 := 20). The 80 lbs. of carbon will requii-e 
2527 cubic feet of oxygen for its combustion, which wUl 
be supplied by 12635 cubic feet of atmospheiic air. The 
I lifdrogen will restore 473 cubic feet of oxygen, which will 
jbe found m 2365 cubic feet of ah-, making a total of 
,12635 + 2365 = 15000 cubic feet of ail- for the combustion 
.cf 100 lbs. of coal.* 

[ 317* PreventiOE of Smoke.— Experience has proved that j 
it 13 q^uite possilde^ with a carefully contrived furnace andfl 
iMlfal stoker, to prevent smoke almost entirely. In the 
^aiahill competition one condition was, that the enginea 
'^m to consume their own smoke. Stephenson therefore 
H3ed coke. In marine locomotion smoke is not a nuisance, 
except in river steainei-s, but it is a wasteful expenditure of 
foeL Smoko is consumed by canying out tlie pruiciplGS of 
JBore perfect combustion ; for this pui-pose, either an extra 
Supply of atmospheric air (oxygen) is insured^ or a jet of dry 
titsam is sent into the mouth of the funaaoe. The chief object 
j to Mrhich the iimman has to direct his attention is to spread 
iifl fii-e evenly^ and when he introduces fi-esh fuel to keep 
it close to the fii*e door at first, so that the carbon may 
te brought ill contact with sufficient heat, as it passes 
OTet the iirCt for its perfect combustion. If the coals ai^ 
fit firit placed near the furnace doors — this was Watt's 
pW for consuming smoke — ^they begin at once to give 
out their gases, these possuig over the incandeaeent fuel, 
tohpF in t]ie fireplace, are raised in tempei-atitre aufii- 
<!iently for the carbon to combine with the oxygem CoEil 
fi^ca out carbon and hydrogen, with uitrogcn and oxygf^n, 
^% cai'bon combining with the oxygea of the aiar ^Ysi^a 
^Hk« Colburzz's Z^om&iive Mngmeering for a eecond c^f:;\^^i^^> 
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oxxt carbonic oxMo; hut the tythwgen combining witi tha 
oxygen, givea intense heat, and sets tlie carbon free; Imt 
the otybon next unites idth the oxygen^ and aa it j^aAsra 
from one to the other, ^-e have intense light* The mora 
the oxygen the greater the heat. Hence the re&Em for 
the conBtmction of the Bimsen'a biimei^^ now so conunott 
in every house under the imme of gas sfcovea. Mr, U ¥, 
Williams of Liverj>ool has given great attention to the otm- 
Btruction of firpplaoes and fmuacea that shall consume theii 
own smoke. He adndts air behind the fin^bndge into a 
mixing chamber, where the fresh and heated air enter hM 
combination, and the smoke-laden flame is deprived of iU 
carbon by more perfect combustion, 

Some engineera consume the smoke simply by paying cxtm 
attention to the stoking. In Jnkea' patent fm-uaee the tutrft 
are amuiged as an endless chain, passing over two rollers, 
which work the chain, the latter gnuin ally carries foi-wird 
the coal from the mouth of the fmiiace ; as it pa^es untlef 
the dooPj the bottom of the door prevents the entry ©^ too 
much coal at ono time, or regulates the supply. A roomy 
furnace has a far better chance of consumiug its own fimok« 
than a small one. This wiU follow from what has l>e# 
stated above. With a roomy f iimaoe the smoke has a hu^r 
mass of incandescent fuel to jmiss over, so the gases can bo 
better biu*nt aa they go along to the flues. In PrideausLS 
fumiwie he supplies air only as long as smoke is beiog p^o- 
;Aioed, by the peculiar arrangement of openinp in, and [jlitfiS 
m iron on the back of, the furnace door. "Ebeae plates h^^ 
the air as it enters the firepl|tce, so that no cold air can ^^^ 
admission. In practice it is found that if a continuous 
stream of cold air be allowed to enter, it acts injimouelj ^f^ 
the boiler phitea, by causing oxidation through the excessi^"® 
heat at one moment and sudden cooling at the next Vfh^ 
a jet of steam is iatrodneed into the £replace to promote the 
consumption of smoke, it enters fi-om a pipe placed iiaM^ 
diately across the top of and inside the door ; then as it ^'i^ 
lently rushes over the buz'ning fuel^ it does this in two "ffayS' 
Its synthesis L^ affe<!ted, and its own oxygen and hydi^g^'^ 
combine with the other products of the coiil, and create k^^j 
mid at the same time the dxaMight ia eonsidembly increaaei 



Coal. — AntlirftdtQ eoal bums without 
jbd evolves no sulphur ; for this reason it has heeu 
led on the Metropolitan line. In passing through 
ted portions of the line, the exhaust steam ia turned 
I tanks and condensedj while the draught is main- 
y the moderate use of a jet of eteam. 
ee we now throw together a few of the simple rules 
ider the heads Comhustion of Fuel and Prevention 

i is best to heat the coals on the dead plate first after 
&er of Watt, or else in commencing firing throw the 
•■ shovelfuls toward the bridge, and gradtmllj cover 
Ivenly to the door* In all cases eee that the bars 
covered, 

jiock out all clinkei-s as booh as formed, keep the 
i caking togeHierj and admit a proper supply of air 
door. 

fegulate the draught either by tiie dampers or by- 
pit and furnace doors, or by an orifico behmd the 
Clothe all parts of the engine and boiler that lose 
Buch OH steam pipe, cylinders, boilcra, etc, 
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EXAMINATION QUESTIONS. 

^t is a fioot pound 1 

ae combufltiont aad give on analysis of cobX ; v^iso wbato how 

ib required for the combustioa oi 100 Iba. of coal, 

f some Bimple directiona to a stoker to effect the cousmaptioa 

rhen he ia Btokin^'. 




Cause-— Splioroidal Condition of Water — Water Purged fitm A» 
—Hydrogen Theory — Acciimiikted Presaure^Incru^tioB*— 
Deficiency of Water — ColLapBiug — Bad Management— Mr, Col- 
bum** and Professor Airy'a Theory, 

219. Cause of Boiler EzplosionB.— Many theories hm 
boeii advanced to account for the {?udden explosion of boilera : 
Buch m (a) the spheroidal condition of water; (h) water 
purged from air; (c) the hydrogen theory; (d) accunmlated 
pressure ; (e) incrustations ; (/) deficiency of water ; (g) ikaa 
collapsing ; (k) from bad mana^ment ; (i) from faulty oott- 
struction. The first three, a^ h and c, are plausible theories 
There can be no doubt that the majority of boOer exploaioufi 
have originated in. exc^BS of pressiiT-e — the steam generated 
to cause that excess arising^ from seyeral of the circumataucea 
mentioned above. 

Mr. Marten * one of our most experConeed engineera m 
boOer explosions, says steam boiler explodona may be claasir 
fied under two heads : 

1. *' Faidts in the fabric of the boiler itself as ori^ally 
constructed, ffuch as bad shape, want of stayB, bad matamli 
defective workmanship, or injudicious setting. 

2. " Mischief aiising during working, either from wear 
and tear, or hnm overheating through shortness of water or 
accnniTilation of scmf ; or from corrosion, in its several form 
of geneiul thinning, pitting, fuirowing, or channelHng of the 
plates ; or from flaws or fi-acture in the mateadal, or injury 
by the effect of repeated strain; or from undue presa^ 

* See J^ecordn of JSteam Boiler ExptosiiotvaT hy E. B. MarteUi ^ 
Stonrbridge, Spon< 
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want of adequate arran^ments far the escape of 

team." 

ence shows the need of greater car© in conatruction 

e prox»er stays to ends; the want of stronger guards 

.oles to pi-event the edge of the plate cm^king with 

strain upon it, and the neoessitj of hoops or other 
strengthening weak iatemally fired tubes ; and the 
^re in executing repaira so as to restore the strength, 

Bound workmanship to prevent the leakage from 
so often found in hoilera repaired with rough screw 

[a) The Spheroidal Condition of Water,* — If a 
rater be tlii'own upon a very hot plate, as tho top 
iug stove, it will immediately assume a spheroidal 
id roll about the plate ; whiie if tho plate be but 
a water will spread upon it, and soon evaporate iu 
tn the former case, the small spheres of water do 
reach the boiling point, but between them and tho 
are small cushions of steam, which buoy up the 
nd keep them fi^m coming in contact with the hot 
lach sphere, as it were, projects 

surface rapour which i-epels 
plate; but the moment they 
iroad upon the hot surface they 
' as steam. That steam in con- 
quantities may be thus formed 
asily iQustrated by experiment, 
that A is a copper vessel, with a 
3S tube parsing through the cork 
Lock; phice imder it a spirit 
h; when tho vessel is heated, 
ittle water, W, into it, it will 
ely assume a spheroidal tondi* 

small quantity of steam de- 
fflnle it remains in that state 
rough the tube. Let us remove the lamp, then 
Lent the copper is cooled down suMciently the 
tes its spheroidal form, spi*eads over the copperj and 
lantity of steam is developed, sufEcient to drive out 
ididl's E&U as a Mo^ r/ Mot'mi, 4th Ed., m. l^Lta Wis 
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tbe cork with great "riolenoe. Appljing tkia to tBe case of 
boilers, it will be seen tbat if fit>m lack of feed the water 
in a boibr should aeaume a spheroidal state, that an explo* 
sion miuat inevitably follow; for as the furnace cools imi tiia 
water spreadb over the plates, a lai^ger amount of steam -ffill 
be developed than can ptisa the safety valve. 

S21. (b) Water Purged from Air.— All water holds air; 
boiling seta it free. We may see the air btibhles risetf^'O 
watch heating water ; this air increases the ebullitioiL Wlien 
air is removed the atoms of the water more fiimly lock them- 
selves together, or the cohesion of the particles ia increased— 
tlie cohesion ia m augmented that the temperature may be 
raised 30^ or 40'' C. above the ordinaiy boiling point without 
producing ebullition ; but when ebullition once commenoea, 
the whole of the excess of heat is consumed in converting 
the water into steam, and an explosion foDowa. Many looa- 
motive boilers have exploded on quitting the shed. It baa 
been suggested that the cause of this may bo formd in tho 
above statement. The water has been purged from air by 
previous boiHng, and when the fires were got ready for a 
journey, they, instead of generating Bteam, stoi-ed njt a lai^ 
excess of heat in water possessiug a high cohesive power, so 
that immediately the stop valve was opened, the eqnilibrittm 
was disturbed, the cohesion gave way, and the excels of beat 
stored up produced steam iiufficient to caizse the exploaiou* 

2S2. (c) The Hydrogen Theory. — Water consist rf 
hydrogen and oxygen. One pound of hydrogen combuiing 
with eight pounds of oxygen would form nine pounds of 
water. It has been suggested that when water comes in con- 
tact with red-hot boiler plates, it is decomposed and sepat-ated 
into its constituents of hydrogen and oxygen, and that inuE©- 
diately the hydrogen is formed it explodes. There are serioas 
objections to such a theoryj not the least is that before t!ia 
hydrogen explodes, it must be mixed with a clue proportion 
of oxygen or air ; again, it baa never been proved that decom- 
position does take phice under such circumstances. Water 
in contact with hot plates is converted into steam, which ia 
quite capable of causing any explosion. 

S33. (d) Accumulated Pressure. — Accumulated pressure 
is the came of uinety-nine^KiU'eiK ^ts^kssions out of a hundred 



Ab active fire under a "boiler will generate a v^iy large quan- 
tity of gteam, and if proper provision bo not mudB for ita 
escape by means of tto safety valve, etc., mischief must 
follow. If the safety valvea should be too small — if they 
shonld get jammed on tbeir seats--if they should be tied 
down or overloadedj for some enginemen have been fonnd 
mad enough to do thri-t^injurions results will certainly follow 
the excessive aggregation of steam. If, also, in getting the 
steam ready, time after timOj the boiler should be put to an 
excessive straiu by the safety valve being loaded too heavily 
or not acting properly, the time must come when the enor- 
mons elastic piTcssnre of the steam will be greater than the 
tensile strength of the boderj and an explosion will take 
plaee, A veiy large class of accidents have occmred througli 
the safety valve not acting, or not being lai^e enough in pro- 
porfcioa to the evaporating power of the boiler. We have 
alluded in another place to the rapid manner in which steam 
pressure accumulates when an, engine is standing atill and 
iho fires kept up as usual Wlien boilers burst from ex- 
cessive pressm-e, the paits that give way are either those 
immediately over the furaace, the flat ends, or where 
water has been allowed to nist away the plates through 
^ulty setting, etc. The best seeitrity against excessive 
pi-essnre will be found in having boilers of maximum 
atrength and the best form^ with good appendages^ as safety 
valvea, etc, 

224, (e) IncrustatioHB- — IncmstationB have been the 
cause of boiler exjdosions, as ah'oady referred to, when speak- 
ing of tho salting of marine boilers. As gypsiun, lime, salt, 
etc* J are deposited internally upon the plates of a boiler, they 
form a solid hard crust* Let H9 suppose such a crust to be 
formed. It is sometimes deposited very rapidly; and con- 
siating of earths, the inerust^ifcion is a very bad conductor of 
heat, consequently the boUer plates will become red-hot 
without tranaferring the motion to the deposit. When the 
boHer plates become red-hot, the incrustation will probably 
separate from the iron, through the latter expanding mora 
than the foimer; the consequence wilt be that the water will 
reach the plates, and a sudden genei-ation of highly elastic 
flteam, m greater quantities than the safety valve will alle'ff' 
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to p^Sj will caiise a tromendona explosion, with conseqnent 
loss of life ajid property. It is of cours© quite plain tLat the 
paat of the boiler hkelj to givo Tvay under these circtmi' 
stancps, will be the softened plates above the fitmaco, Whtni 
heatetl like tbis, they loae fivo-aixths of their atrengtb. In M 
they will be driven into the funmce or collapse- The rem^f 
against incrustation is a proper amount of blowing out and 
chipping off of tlie hard siibstance as it accmmilatesp 

^25, (/) Deficiency of Water, — From what was mi. 
under 6, it is quite posBible that from lack of a due atipplj 
of water thtit the remamcler in the boiler may assmne a 
spheroidal condition, which roust result, -wrhen the beat 
decreases, in an explosion. SiJich a result can hardly ba 
brought about if the least attention be paid to the water 
cocks, the feed pumps, and the gla«a wat^r gauge, SufficiOTt 
water must always he kept in the boiler to cover eveiy part 
in immediate contact with the heat* Should these parta get 
hot, aa was mentioned above, they lose five-sixths of their 
strength, and only one-sixth of the ordinary strength of the 
boiler will be an insufficient safeguard against an explosictt. 
Should the engineer lose his waiter, he must not attempt to 
open the feed valves or cocks — many a life has been thus need- 
lessly thrown away to save a little scolding or dismissal. It 
is a thousand times wiser and more manly to face these con- 
sequences^ than to risk life, limb, and far greater pimisb- 
ment, "When the valves ure thus opened, a great amoitnt of 
elastic steam is immediately developed, and the softenfid 
plates give way. Tkerefora risk no Life, open the fire doora 
and take out the fires, and then gradually ease the ^et? 
valves. Fusible plugs ai-c a good preventative again^ft ac<^" 
dents happenittg from a deficiency of water. 

226. {g) Collapsing. — A boiler or flue is said to collaps® 
when it gives way to exterior pressure, or fi-om the air ot 
steam acting against a vacuum or partial vac^ium, I^ 
such cases the steam enters the flues , and scalds and d^ 
stroys everything in the engine room. A paitial vax:'nni5* 
has by some means been created in the flues, then tb^ 
pressure of steam within the boiler has driven in the plat<?^ 
of the tube, and an explosion has followed, or the iroa li^ 
becomG sof teaed and -^otil, ^sA tW ^"CQ^ure being greats 



I 



^ THEQltY OP BOILEE EXPLOSIOKS. SOI 

tlian it can bear^ tte exploaiOE lias LappeaetL To avoid 
danger from tlua caueej the flues must bo properly con- 
stnicted^ stayed, and atrenj^liened by rings of strong angle 
iron at eveiy 10 feet. Tliey must be roimd, not eUipticaL 
Th« vacuum valve must be kept in working order to prevent 
boUera collapsing. 

2S7. (h) Bad Management— As long as ignorant and 
cai-eless mon can obtain charge of boOerSj accidents will 
certainly happen. Let us hope that, as education spreads — 
it baa perbajis now a fair chance — no such persona wiU iind 
employment where eo much depends upon theLr intclHgencej 
care, and attention. When men ceaso fastening down the 
safety valve, either wilfully or by neglecting to raise it from 
its seatj and no more surreptitiously alter the weight, we 
shall have fewer accidents. Such things have been done, 
improbable as they may appear — the American phrase of 
Bitting on the safety valve is too true. Ignorance leads to 
most accidents. It was only a few years ago in Plymouth 
Sound, that on board one of H,M/b vessels the water was 
lost thiough the gauges not acting properly, when tho 
engineer, aware of what was the matter, ignorantly turned 
on the feed instead of taking out the fires* The remedy for 
bad management exists in education. But excellent authori- 
ties aay, that the introduction of cold water has nothing to 
4© with the explosion when plates are overheated, for they 
say the water is introduced at the bottom, and only rises 
dowly over the surface^ and gradually cools it. The experi- 
ment of putting cold water into red-hot boilers has been 
repeatedly tried without producing any explosion. 

22S, (i) Mr. Colburn's and tha AstroBomer-Boyara 
theory of Boiler Explosions can hardly be called a theoiy S 
tttL explosions, but rather a tteory to account for the large w 
amount of mischief that a boiler explosion creates, Mi\ 
Colbura is of opinion that hoder explosions take place at ^ 
l^^it little above ordinary pressui^e by the mptm^e of a defec- ^M 
tlTQ potat close to the water Unej the defect being generally ^* 
floaed by corrosion ; tliat aa soon as the mpture takes place, 
^modiately part of the steam escapes ; inatantaneoudy, as 
tte pressure is taken off the boiler water, the largo atoi^ of 
hs,i, in the water above the boiling poiat geueiaAK{& ^ \aiE^ 
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Mnoimt ci etaaiti, wHdi is at imce disengaged. This ki^ 
qtiaotitj of auddenl j formed steam foroee ofiT the upper sliell 
€f tlie boiler^ aod cames all tke iniachicf that foUowa. So 
that the nuachief is not done bj the steam th^t waa in the 
boiler at the moment of explosion, but ia done by tliat ixr liicb 
la cr^^ed dmiiig the moment of cxplodon. This creaimg of 
ateam takes place thit»ughout the instant of explosion^ ita 
daatic force gradually diminishing till the i^mter Tm\m 
100° C. From careful investigations it may be stated 
roundly, that the explosive ener^ in every cubic foot of 
water in a boiler at 60 lbs. preisure equals tliat contained in 
a pgund of onHnaiy gunpowder. 



EXAMKATION QUESTTOXS* 

1, V?h^t are the chief cauiea of " boiler expltmiona ?" Whd i» 
the bydrogen tbeoryT 

2» State distinctly what you mean by the " epheroMal comlitinii 
of water/' and water purged from air. How have these tbeonys 
been connecteil with boder explosions t 

3* 8bow how accumulated pixissiire and deficisuey of wapter flct to 
produc^e a boiler explosion. 

4. Account for so much iteom bemg generated and miiciiicf doii^ 
by boiler explosiona. 

5. \VTiat distintition h there between a boiler exploding and a tuba 
collapsing i atata the precautiona to h& adopted in diher css^k 




e^ to Machinery when in Harbour wnl Getting up Steam — 
Starting tho Engmea— Under Steam — Fires — Bearinga — Engiiiea 
m Port— Lap on Slide Yalvea— How to Set the Slides. 

39. 1. Duties to MacliiEery whea in Harbour before 
ting under Steam.— When an engineer takes charge of 
uiacHneiy of ^ boat, hiB first attention ought to be 
[jted to ilia boilers; for, being the souroe of power, thej 
become the source of great danger if not properly looked 
r. In iaspecting the boilers tliree things require especial 
3©:^— (l) The thickness of the plates above the iii-es and 
r places of importance; (2) the state of the stays; (3) 
poMtion of the gauges, Yh., the water gauge, cocks, and 
I water gauges. 

) Heapecting the first, a general plan is to drill a ^maO 
yihrough the plate, and thus find its real thickness, for* 
Fcften tlie case that a boiler plate may be far thicker at 
geams tkan in the middle. At the seama the propoi? 
oiesa cannot always be correctly ascertained on account 
10 way in which they are canlked, by which a plate may 
sar considerably thicker than it really is. After the hoia 
Berved its purpose, it is tapped and plugged tightly up 
n. 

!) Ah regards the stays, they require a great amount of 
ation ; for they ai'o very apt to get mten througk neai* 
plates by oxidation* 

f) TJie gauge cocks aro of^en placed just above the 
lest row of tubes. Now this is a Teiy daugei-ous practice, 
it is possible for an engineer to lose bis water, let Mm be 
* Written by a Working M^ix* 
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ever so careful, wben great danger follows; wHIe if iie 
cocks were placed a HUle liigher, the loss of water wouM 
not be necessarily followed by bo much danger. 

330, 2. Duties to Maclimery wheE Steam is (Jetting 
up, — The water in the boiler when the fires are lighted 
ought to be jufit above the bottom of the glass. la a 
lai^e, or even moderate Mzed boiler, the water will ej^&nd, 
and there is also not so much water to heat at first; and 
we know, by reason of conduction and radiation, that small 
bodies of wateir are heated compjiratively more rapidly 
than large. On first lighting the fires they should not be 
kept too iarge, hut just sufficient to coyer the bars. A 
large thin surface of fire is found to be the most eflective on 
getting under weigh. 

When the fires are lighted, and the steamer is going on a 
loi^ voyage, it is the practice to mb the polished parts of 
the engine over with a composition of taliow and white lead. 
This prevents any rust ibrming on the rods, etc., from water 
dropping on them which may have been used for keeping 
the beaiings cooL 

The discharge valve is also opened now, or else on starting 
the engine Bomething will give way. Several accidents hava 
occmred by neglecting to do this. 

The safety valves are now to be ingpeeted to find o^t 
whether they are fast corroded to their Beatings. If ^t 
they must be freed and made ready to act before starting- 
It is a good plan, and one much practised, to give ^^ 
engines a good blowing through whilst the steam is getting 
up. This warms the cylinder, and tries any joints that may 
have been made since the engines were worked last. It also 
saves the steam, for if not done now (when the engine i^ 
starting), a great amount of steam is wasted in hating tie 
cylinder instead of imparting its elaatic force to the piSftoO* 
It is thus that boilers are sometimes taxed beyond theif, 
powers, and the steam pressure reduced to perhaps a ve*y 
dangerous point. 

SSI, 3. StartiBg the Engines.— AH ships am now fitted 
with the double eccentrics, or ^* Stephenson^a Link Motioar 
by winch the engines are started, or rather by this the slidfl 
roJresi ai^ under the command of the engineer, and can ^ 
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worlced back or forward aa command be given^ by eitber ei 
bar, lerer, or geaei-ally, in large engmes, by a wbeeL 

The bandies, by wbicb steam is turned on and off, witb 
tbe injection cock handles, are placed beaide tbe wboel, so 
that one man can now generally start the engine. 

Some large ships have a steam piston so fitted that it rises 
and falls by steam admitted above or below, thus rising or 
lowering the link in ita motion. This is what is called steam 
starting gear, and is veiy handy when the link is of great 
weight. There is always hand gear fitted as well, wkich caa 
be used in cases of emergency. In giving injection to a 
eominoii condenser, it should be opened just after the steam 
is tamed on to the cylinders, or else if going slowly the 
condenser may become too full of water, and the air pump 
not able to perform its work properly. 

In starting an engine that is fitted with surface condenserSj 
the only thing req^uiring attention before going on, is to open 
both valves coramnnimtLng with the sea above or below tho 
condetLser, viz., suction to the circulating pumps and de- 
hvcry from them* 

DUTIES WEEtf UNDER STEAM, 

S32» The Boiler— Always keep looking at the water level, 
'fhis is oftentimes a souitie of great anxiety, for some boilers 
J^equiro the water to be kept at a certain fixed leveL If 
TK'uter be too high they wxQ not keep steam, and if too low 
the steam will geaerate too fast. Some boilei's require a 
high water level, others a low one, in fact no general rule 
tyui be giTen for the water level, nothing but priictice can 
determine it A safe rule is to keep the ghisa water gauge 
about two-thirds fali. 

Blowing out marine boilers should be practised about 
©Very two or three hours. Practice baa proved this to be a 
good rule, on account of not so mtich water being required to 
^ blown out at a time^ and therefore the steam pressure is 
iiot reduced to a very great exteut. 

In steamers fitted with sm-face condensers, a little sea 
^ater is suppHod to the boilers to mfike up for the loss 
^^ the steam pipes, jackets^ leaks in the condensei-s, etc, 
^KuB ia time may injure the boiler if not comite^V^aXaaiKeA 
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Bome way or other. The general plan h to blow out akdt 
two or three inches every twelve touiB, The water in these 
boilers is never allowed to reach more thaji -^-^^ of saJtne^ 

Tbo fires requiiHS much conBitlemtioii. A fmna^e h best 
worked with a heavy fire, but not too heavy, thicker to- 
wards the back than front. The fresh fuel should he placed 
in front, and then pushed back after being thoroughly iieatd* 
Every four homa (at the least) the firea fihould bo cleaned 
out, as large clinkera or refuse of the coals adhere to the fire 
bars and jirevent the draught, making the fires bum dead^ 
especially towards the back of the fumftce. Sometim€fi tha 
dag will stick fast to a fumaoe bar, and cannot be removod 
fi-om it. This cansea a great amount of trouble, m in tiyin^ 
to remove it, the fire bars are occasionally pulled out of their 
places, and the greater part of the fire falls through, causing 
much waste and often danger. 

The principal thing to pay attention to when the engines 
are undor steam, is to keep the bearings cool and the glanda 
steam tight. Oil is generally nsed for keeping bearings coolf 
but when lai^or ones are working hard, a jet of water is kept 
playing upon them. This is found to answer very well when 
the water is turned on before they have had time to heat 
It should not bo used after they have been allowed to get 
heated, for it may crack them by too sudden contracticaL 
A good stream of water ahoiild be kept running on the ilmist 
block from the time of startirtgj this with the taUow, which 
is always put into it befoi'e startingj keeps this all-importani 
bearing cool. The cap of the thrust block requires great 
care in adjusting. If screwed on too tightly it is almost am® 
to heat or fire, as it is tenned, and if not screwed down 
sufficiently tight, the unpleasant jumping shako so often 
expenenced in our Bcrew diips is sure to follow. 

The lacking of the gland at the stem tube should be well 
looked after, and kept quite tight and well tallowed, 

in paddle wheel steamers thei-e is frequently not sufficient 
care taken about the outer bearing of the slmftjj. In veiy 
few ships ai^e proper means provided for lubricating tliese im* 
portant parts. At the commencement of a voyage, the outer 
bearings are well tallowed, and often put davm, screwed up, 
iuid left to look after tkomassilvea ous best they may, Yery 
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HHj^fis, indeed, being proYided with tubes leadmg down 
l?5m*"ihe paddle boxes to tlie oil liolea of tlie blocks, or in 
Tvhich means are provided for their lubrication. 

Thci coals in the bunkers must be carefully watched, to 
prevent spontaneous combustion. The stoppers over the holes 
should be kept opten as much as i30saible, and care taken not 
to keep damp coals longer in the bunkers than can bo 
avoided; for it is only damp coal that is liable to spon- 
I taneous combustion. 

In new fast running engines castor oU is a very good thing 
I to use on first starting. When new brasses have been fitted 
1 into the bearings, till they form a good bearing for them- 

I selves, the same should be used. It appears to have a much 
fiiroer body iu it to lubricate than all other oils have. The 
difference in the cost of the oil is not veiy much, coarse castor 
oil being very little dearer than good machine oil. 
233» Duties to Machinery when the Ship has Arrived in 
, Port. — ^The white lead and tallow should be rubbed off with 
a piece of oily waste, and then the bright work of the engines 
will give no trouble by rusting. 

The engines should have a good blowing through to drive 

out all water in the condensers, then the Kingston's valves, 

communicating with the sea, should be shut, next open the 

condenser di-iiin cocks, wliich will di-ain out all the water left 

I in them^ This is allowed to nin into the bilges, which can 

^be pumped out by the donkey pump qt the hand pmnpa if no 
st^m is left in the boilei'S. 
Some engineers always blow ont their boilers after steam- 
l ingf others do not, the latter only let the fii-es ont and shut 
' the valves in the steam pipes ; both plana have their advant- 
^ ages and disadvantages, Perhiips the majority keep the 

i water in the boilers, only blowing out when repairs or an 
examination of the boOer is required. An engineer sliould 
* always examine for himself whether all the fii^s are properly 
out, and not take the word of the stokei-a for it. A great 
amount of damage may be done by the tire not being properly 
I jjut ont in the ash pits, A frequent pi'uctice is to get aheap of 
hot ashes together and drudi some water over it j this makes 
1 it black outside and leaves it burning inside. The ashes 
should ^ther be spread out evenly, and then ^^^t Wa^^'^r^i, 



over gradually and gently to put tLe Bre out effectually, aud 
to create as little dust and diit us jiosaible, 

334. To Find tlie Amount of Lap on the Slide Valve (before 
Betting the slides). — Take a batten of wood, and place it on 
the cylinder slide face at right angles to and over the porta. 
Mark off on it the edges of the ateam and exhaust ports iritli 
a equar© and ecriben By pkciag this on ttic face of tbe 
slide valve, the amount of tlie lap can be at once found. 

230. Tq Set the Slides.— Put the piston at the top or bottom 
of its stroke. If the eceentric is rightly fixed on the shafts 
simply fasten the slide valve on the spindle with, the required 
amoTint of lead. Then turn the engine to the other end of 
its stroke, and see if the lend ia the same ; or in some engines 
more lead ia given at the bottom than at the top (as ia ver- 
tical engines). K the engine ia fitted with the link motion^ 
the reverauig eccentric is then comiected and the valve tested 
in like nianner. AIbo with the link motion, the slide rod is 
placed in the centre of the link; and although the position 
of the eccentrics on the shaft ought to destroy any motion of the 
valve, yet there ia a little with a short link. Thia is tested 
to see that the steam ports are always closed, and thus tliD 
engines can be stopped, even if the fiill pressiu-e of steam he 
admitted to the back of the slide by the stop or throttle 
valves. 



EXAMTUf ATIOH QUESTIOITS. 



1. Describe briefly the duttea to the machinery when in harbour 
before getting under atezun, that req^mre the attention of the mariiifl 
enginetin 

2. To whjit mviat an engineer porticnlarly direct Mh attention while 
getting up the steam. ? 

3. When a vessel ia under steam, what will then claim the espeois! 
attention of the en^eer V 

4. \Vhen a 6hi|i is to be laid np in harbour, how must the engines 
bo left? 

5. fc^how bow to set the slide valves, givin^j the proper amount of 
Iftp and kad. 



CHAPTER XY, 



THE INDICATOR. 

Pesopiptiott—ITBe— Diagram— BiagTAJDoa Under YarloaA 
Circttmstaacea. 

236. The Indicator, an instrament invented by Watt, ia 
used to ascertain tlie internal condition of tke engine, tlia 
stata of tlio vacuum, the amoimt and variations in the 
presenro of ateiim at every point of the strokej the cushion- 
iDgj the condition of the slides, Tvhether there be too much 
or too little lap or leadj whether they are leaky or properly 
' set, -wbether porta are closed and opened at the proper time, 
in fact, it tell a ua the power and all the faidta by -^hk-h 
that power is impaired It may also be attached to the air 
pump, the hot well, the condeniser, etc., when it will teU ua 
the nature of the pressurea there existing. It haa been very 
much moditied since the time of Watt^ to better adapt it to ita 
piuq^oao, Tho figure given of it ia from one of Bichard's 
indicators, wMch exhibits the latest impi-ovements. 

In ita aimplost form, the indicator consists of a cylinder 
with a piston, the top being open to the atmosphere, and a 
spring to keep the piston down to ita work, A diagram ia 
taken on a piece of paper to tell ua all we wish to learn* 
This piece of paper is fastened round a barrel, which movea 
through nearly a whole i-evolution and back again as the 
engine makes one stroke. 

The figiu*e is a repi^sentation of Eichard'a indicator. A 
ia a screw to ^Lsten the indicator into the cylinder. The 
liandle is to open the .connection between the cylinder and 
the indica.tor, and thus allow steam to enter B D, the cylinder 
of the indicator. The piston a and piston-rod b of the in- 

fttor aifJ shown by dotted lines . Th6 slanting d^ttM Vmo.'a. 
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are intended to show the spriBg wMcli keeps the piston down, 
and against whicli tlie steam has to act in forcing xip tlie 




IKBIOATOE. 

piaton a. In tliG actual mdicatorj tlife piston is not so sifflplfl 
as shovm. here^ but is conical and truncated ; B ia to 
barrel round -wMcli tlie ])aper is Tvmpped. The gradmted 
ficalo is to measure tLe presanre of steam and the vacuiuB. 
Within this barrel k a springs bo that ^vhen the ban^l hi^ 
moved nearly roimd once while the piston goes up^ the fot^ 
of the spiing cautiea it to return aa the iiiLlicator piston gpes 
down. Round the pulley /G passes a string to give motion 
to the baiToL Tim stiiug ia attaiched to the crosshead of 
the cylinder (or the radius bar), and the motion is reduced in 
its travol to suit tlie cardWTtd. ^\i\ki iVv;^ piston of tlie 
indicator movea tip only oil^ totTwcjm^\vi^^^^ Y^s^Ti.1^ 
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Sfer moves sevei^l feet. The barrel liaa to move round 
' ot ^ye incliea in ilte same time, Tlio inotioa ia reduced 
bvers^ T^bea taken from tke piatoa croiisliead. If the 
[th of the diagi^m he tlti'ee inches, and the stroke thi'ee 
or thirtj-Bix inches, we hiive only to propoi-tioti the 
irsfLS 3:36 or 1 :li3, and the i-equired motion is found, 
indicator haiTcl m moved round hy the string (shown in 
figure^ being attacked to its proper rektive position on 
lever, and) actuating the pulley / G and with it the 
^h The arm H H is to cany the pamllel motion 
L ]Vr, the pencil being at p. Tlie reason of this an-an ge- 
lt, {.(?., of having a pandlel motion, is that wMle the 
ke of the indicator is (say) only from 1 to 2^ tlie pencil 
quired to move up tind down from the lower 15 to (say) 
Je the Bcale, The head of the indicator piston-rod being 
died to the lever M L at Zj multiplies the motion of 
indicator in the propoition of M Z to ^ L. In Bichard's 
jcsator this mnltipher ia about three and a half; in fact^ 
m the essential diSerence between Bicliiird's and other 
catorai such as M^lS'anght's, Maudslay and 1^'ield'a, etc., 
; the motion is magnifiedj and themfore the ijencil move 
lihly indicates the least vai'iiition of pressure or actiom 
'he action of the indicator must now be traced. Siuppos- 
tbe indicator ia attaclied to the cylinder, but not placed 
sommnnication with it by turning the handle^ and that 
cord c is ftiatened to n lever at the head of the piston- 
then it will move the barrel from right to left, and & 
igkt hoiizontal line wiAbe drawn by the pencO, as A B 
lext figui-e — ^it is generally cugtomaiy to let the pencil 
'k this line several times. The line is called the atmos- 
dc line, because it coincides with the atmospheric preasui*e; 
parts of the diagram above that line show pressure above 
atmosphere, all parts below it show the vaenmnj hence 
top part of the diagram is called the " steam " and the 
torn the " vacuum." Again : supposing the barrel were 
I and the steam admitted to the indicator, the pencil 
Ud be driven straight up, or a vertical line wonld ho 
sod. We see that if the baiTel only move a horizon tid 
^ is traced, while if the indicator yiistoTL otA^ TCLOv^a ^ 
] ono h mado; thcivfoxv when both hiqvo to^tiVXiSic ^'^ 
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STEAM, 



Bball have a line compounded of tlie two motiona, and if tiifi 
one is continually cliajigiivg^ H \\^1 not be a diagonal motioiL 
Let us BTipjioso the indicator is attached to the top of the 
cylinder, and that ateani enters the upper port e aa the pistoji 
comes to the top of its stroke. The moment steam entera 
the cylindeir it diives the piston down, hut at the same tiin^ it 
enters the indicator^ and idves the piston of the indicator yp. 




Let MB suppose the pencil (wheJi air is in both sides of tb 
piston) stands at A on the ahove fignre, then the line A B^ 
which will be traced by the barrel nioving nearly the whole 
way round y is the atmoapheric line. Now let iifi suppose tlie 
top port e opened at the instant the tap of the indicator 
is tinned, then steam will i-ush in, in the direction ehovn 
by the arrows ;; in the direction y to drive down the piston, 
luid in the direction z to drive np the piston of the indicator* 
Steam coming in instantaneously drives up the pencil, \ 
the line from A to C will be drawn (C is called the st 
corner). Now steam Gontinues rushing in at its non 
pi'msure and the piston o^ \^ife en^\\\^s ^^^^ ^kp^fin^ while on I 
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icator pbtoa tlie pressure is contmuouSj so tlierefore 
icil remams at tLe same lieigltt, and as tlie bai-ral 
round the line fi-om G to D ia cli-awn, Wlieix the 
pets to D tlie slide has come dowii again and closed 
bj* so that tliG steam is left to ex]>aiid ; and of courae 
ipanda its pressure decreases, the engine piston con- 
io go down, and the pressure, becoming less and less in 
icator, the pencil graduailj falls lower and lower to E. 
t gets to E, the slide stiLL fdJing, the upper port e is 
to the exhaust, and the steam rushes out in a con- 
lirecfcion to the arrows, the pencil therefore im- 
dj falls to F (the eduction comer). Now there ia a 
L above the piston of the engine^ and below that in the 
KTt and the engine piston begins to rise up, all the 
* is TiBmg there being no steam or pressui^e in the 
ft- (or less than no pressure), the pencil Laving fallen 
Ifwest x^oint is still, and traces the vacuum line F G to 
I corner G, Against the pencil gets there, the piston 
Sved at the top of its stitike, the cushioning then takes 
md tlie pencil rises at once to A, or else the lead comes 
don by the rising of the slidej and drives the indicator 
and mth it the pencil, to A* 

fcction of the indicator has been traced through an up 
rn stroke, or a complete JTsvohition of the cnink, and 
that the Viitying pressure in the cylinder ia faithfully 
ed by the indicator and rendered visible to the eye, 
bdicator is tibsolutely necessary if w^e bxg to know the 
I of ateam when it is pciforming its work. The 
agfuige or other contrivance, when con-ectly grad^iated, 
HyB tell the boOer pressure, but it mnst be well nn- 
[ that the boiler pi-essm-e seldom or never coiTesponda 
in the cylinder, it is less in the cylinder. This reduo- 
jpressure is due {1) to the fiiction caused as the steam 
long the passages; (2) to radiation j (3) to loss of 
rhich arises when the passages are contracted; (4) when 
a bend in the ]upes and waste of steam: of course all 
ittaes of loss may not exist in every engine^ but some 

ir© Btipposiug a long D allde is ^ised. In reeling the pnjft- 
i& studout must cou^ider both thi^ Hgura and tlit» hi$t cm 
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of tliem cortaiiily do in all. This db^g:i'am (page i^l5) is m\> 
posed to be taken from tho top of tlio cylmdor, and tlie aiTows 
ihow the dii^otion in wliicli the piston of tlio eiiginc: is moving 
whca tliat part of tlie tliagram is beiitg traced The doited 
diagram abows one talcen from tLe bottom of the cylinder. 

The indicator diagram, ujh \vq have intimated before^ m 
the only tnic >vay of aecertaimng the ac-tion of the steam 
inaidn the cylinder. The coi^em of the diagram are the 
points to which attention mutit be directed to find out jvDf 
defects. In tlie diagtiim from a non-condensinj^ engine, the 
wholo of the eurvo ia above tht? atmospheric Ime; but inn 
condensing diagram pait m above tlie atmospheric line and 
part below. 

This is the normal slide diagi^ara, and all condenaing^ engines 
in good working order with slides properly sot and wd^ of 
correct length, should give a similar diagram. We wiH note 
what the change would bo under certain conditions. 

If the cm^ve in stai-ting from A ran to the left of C instead 
of vertically, tlien wo should know that the steam was hU 
in its action, or the slide {the long D) was not high enough 
at the proper moment If the cui-ve at E were a little kiglier 
and a little faither to the left, the exhaust would take pkca 
too early, or the i;p])er part of the slide M^oidd bo too low, 
Both tho changes would take place thi^ugh the slides beinii^ 
too far down in the casuig, or if tho slide rod or eccentric mi 
were too long. Such an evil would also be sliown hy Uiy 
diagram being fuller at G, or coming a little farther to the 
left, and the steam would be cut ofi' too soon at D. 

7/ the slide rod he too short we shall have the exact opposite 
eiieets, thix)ugh it keeping the slide too liigh in the casing. 
The upper pai*t from A ^vll[ fjdl to the left at the top 
and be longer from C to I>t faU down lower at E, and a^ laigu 
amount of cushioning will tnkt* pkee at G, through the poit 
being closed too seon^ to the exhaust 

If the stop mi the cf'eadrkhfitooj'nrjorimrd we ha%'oft 
diiigi^mi something similar to that given Avji4.ii the slide itxi 
is too shoi't, hecatise all the moveracnts of the slide aro too 
early, but the eomers will be sharp and angular instead u( 
round* There is a distinction between tMs case and the casi^ 
wliere tho eccentiic rod is too long or too shorti In tlis 
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r^se under coixBideratLoii the mmr: fault would e^dafc in tlic 
diagrams taken from the top and bottom of the cylinder, 
but when the slide i-cd is in fault the o^tposite defects would 
exist at top and bottom. 

If tJie skip on the eecetUric hs 7iot mfffieienthj fm^ward the 

Idiftgi^ani wDl be too full at every period, because all the 
inotionB of the slide will be too kte, 

J! S37. Throttling and Expansive Working. — If two 

, diagmms are taken from an engine under these two cii'cmn- 
stanoesr first, when tho steam is throttled; and second, when 

[the expansion valve is used; it can eaBity be Bhown that it ia 

if ar moi-e economical to work steam expansively than thrott- 
ling it; in other words, when tho steam is throttled or wire- 
I di-awn, a greater quantity is used and loss work is done by 
, it In throttling, haixUy any of tho curve ^vill rise above the 
atmospheric line, while the vacuum will be pretty full, and 
show a large amount of cushioning^ in eximnsive working tho 
steam line will suddenly rise to a good height, and the expan- 
' sion rapidly fall; and at the ]>oint E (p, 212), where the port 
' ia opened to the exhaust, it will be found that with thrott- 
J ling, the line Ls much higher than when the expansion gear 
I is used, showing that thei^ is more steam in the cylinder in 
the former than in the latter case- Hence, it is always more 
advantageous to use tho steam at a high grade of expansion 
i than to throttle it 

(a) Let lis suppose, for instance, that the steam is too late 
for its action, or, in other words, that the piston conenenc^'^ 
, its stroke by the momentum already impai^ted to the engiao 
I instead of the slide valve admitting steam through having the 
J requisite amount of lead. We then have, instead of an upright 
' line A C, a line A B slanting 
,| towawls the motion of the in- 
dicator barrel . Theref oi-e , when- 
ever we find IV diagram with 
a line in the direction A B 
instead of A Cj w^ conclude 
immediately that the a team is ^ioitkb L 

too late for its action. This is corrected by advancmg the 
eccentric a little fiii'ther in the sanio direction as the motion 
of the cranky or else giving more lead t^ tho slida When 



the bUcIq roJ is too long we lia\*e iilmost a Bimiliir ^iftgmni, 
ike Bteam line B D is too short while the exhaust hiie E A 
is too long, 80 that steam has too short a time for ifcsadmiBBion 
and too long a time for eduction* 

(b) Let MS now examine the annexed figuroj by looking at 

comer A, wMch is tenned the C>' -^d 

lead comer, we can tell whether 
the lead be too great or pi^operlj 
proportrioned. A defect is ex- 
Mbited when iostead of a 
Terticdi line A C being drawn 
a lino B G is di-awn slanting 
off from the motion of the ban-eb 
too quickly. 




B 
TIQOKK 2, 

Steam in this case enterft 
The i-omiding of the comer A generally exhibits 



the cushioning. To reraedj tJbe defect of steam entering t*] 
soon, lesa lead mnst Iks given to the slide. Had th^ et4?aio 
line C B been too long as well as the exhaust line E B too 
short J the proper remedy isrould have been to lengthen the 
slide rod. For these are the two defects shown by a duigituu 
when the slide rod is too abort. A somewhat similar defect 
would exiut if the stop on the eccentric were too far d^ 
Tanced, every action of the slide would commence too sooiu 

(c) A good comer at the end of the full steajn, line, in- 
dicates a good mTaiigement for expansion, as point D iii ^g^ 
1. Too gradual a descent from it shows thitt some steaJii 
entered after it oughfc to have been totally cut off. 

(d) A good horizontal line on the top of the diagniB w 
fkr as the ex|>ansion point D (in fig. 1), shows that eteflja 
has free entrance to the cylinder, or, in other woi^a, tkat th« 
steam pipes are of good size and Ajr 
the ports properly propoi-tioned. 
Should either of these he too small 
for the size of the cylinder, the" 
full steam Hne A C wtII gradually 
decline from the steam comer A 
to the expansion comer B. Then a hourk 3. 
slanting line fmm A to B shows a defect in the ports or atea^ 
pipe, for the fuD steam line A G should be perfectly hom«ii^' 
or parallel to the atmospheiic line, and not as shown by ^ ■'^ 

(e) A cun e at the end of the expansion line Moi^ ^^ 
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cends to the vacuum line, indicates that the slide valve is 
ttle opened to, or slightly placed in communication with, 
condenser, just before the piston has arrived at the end 
ts stroke, or in fact that there is negative lead. 
Che two pair of high pressure diagrams, or properly, 
grams from a non-condensing engine, below, are taken from 
air of high pressure cylinders of 10 J inches in diameter. 

A_ B • ^ -^ 



f^ 





HIGH PRESSURE DIAGRAMS. 



'Ssure of steam in the boiler, 75 lbs; length of stroke, 
'. 8 in., making 150 revolutions per minute, 
le first or upper card was taken from the leading engine, 
ch also works the pump; the full pressure A B was allowed 
3J inches of the stroke, after which it was cut oif by an 
ansion valve at the back of the slide valve. 



Tlie second or lower caitl was taken from tlie foHowiiig 
en^inej in which the steam A B was cut oif after 2^ inches of 
the stroke were accomplished. 

The leatling engine is tUlawed j^th. of an inch load hj ihB 
sliile valve, anil the following one ^^fiiii. 

The eactipc or wayte steam ia allowed to escape into a pi]>9 
eomiaon to both enginea, which accounts for the irre^ikr 
exhaust Hue ; but notwithstnudmg this, it is of ample sbe, 
which ia clearly proved by tho exhaust line being for steam 
of ao high a pi^esam^ tolerably near the atmospheric line a a* 
Slackness of cord as well as bad exhausfc woidd cause the 
iiiegularitiee in the lower line^j- 

238. Slide Biagram. — The slide diagram is omitted, ae it 
is perfectly useless and seldom now ttiken. It will tell jou 
nothing but what may be leamt from the ditigrams tekm 
froni the top and bottom of the cylinder. 

239. ContiniiOUB iBdicatOr. — Canon Mosley^ Mr Bi^ of 
Chester, and others, have proposed continnous indica-turs. 
The portion of the indicator showing the pressui-e and vjwunia 
in Mr Bigg*s arrangement, is made exactly like the onlinarf 
indicator, with its pencil resting on a continuoiis web of 
paper moving slowly. Suppose the pencil to have marked tk 
atmospheric line : the tap is so arranged that it can be opened 
say during three strokes j and then remain closed for 100 Of 
1000, or iiny other pre-antinged mnnljer. The diagram sff 
taken consists of a succession of shoii; strokes, across ihn 
diagram runs one long line r6]>resenting the atmospheric line, 
and at nght angles again are short vertical lines showing tlw 
highest steam and lowest vacunm pressure at eveiy lOOth or 
1000th stroke of the engine. The hours can be niaiited flfl 
the card J and tbi3 nimiber of ro volutions in the intenil 
is easily ascei*tajned acconling to the spaces into which tlif 
atmospheric lino la, di^^ded. Aji oixtininy diagiiim, who» 
steam and vacutiia line correHpond to any one stroke, wiHi 
give the btin^is for the caleulotiou of the horae-power. 

To she If} how to Jtml ihe horm'^fOimr of an eifgln^frotn th^ 
hulkator diagram^ 

This figure consists of a jjalr of diagrams, one tidcen frwfl 
the top the other from the bottom of the cylinder by Richani'l 
"idicator. Tho engine ia by lilaudslay tfc Co. {600 n. p,):^ 
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2575 



28-S 



20-5 



y' Hl£L A 



I 23-92 

22-7 

46-62 

Mean, - - • 23-31 



2 cylinder, 76 inch(^ in diameter, m^ea - 453646; 3 ft. ti m. 
Btroke ; 01 navolutigzLs : 23*3 is tlie mean pressure an per 
diii^'nim^ 

To find this mean pressm^e we have drawn across the 
diagram ten t^qui-distant lines. Then, in each case, taldug the 
longtli of the por'jjeiidicTiliir lying between the steam ami 
vacuum lines, and applying them to tlie scale, we iind the 
pnBSsureg8r625'75,23-5,28'5ji28,27,etc*,whichgive an aYerago 
preaam^ of 2Zd2 lbs, for the down stroke, and 22^7 lbs, for 
the up strokoj and a m&ui of 23 "3 lbs. 

Thei-efoi'e the indicated horsepower will be 

_ 4535'46xg3-3x51x2x3i 
33000 

= 11 43 -9 for one cylinder, 

^ 22S7'8 for two cylinder. 

Kotioe hei^ bow widely different the noraiiial or mcrom:^ 
tile horse-power COO is from the indicated 2288» 

240- DyEamometer, — The dynamometer is an arraiige- 
meiit for determining the power exerted by an engine. It 
exists in several forms. In one form it consist a of two 
flat metal springs joined at the ends by links; the nuicbiM 
or engine is applied to sepamte the springs. The wider thij 
Eire separated the greater the power of the machine^ Htf 
power is indicated on a dial plata. 

To ascertain the power exeiied by the engines of a bctv-w 
vessel J the thmst of the scraw is made to bear upon (ie 
fulcrum of a lover of the second class; by receiving the fans 
near the fulcmni, and having a long aim for the weight, tlifi 
force exerted by the screw is thus deci-oased in a great ad 
easily ascertainod ratio, somewhat after the miumer hy 
which in the weighing machine a small weight in tba 
nittchine house balances a considerable one on the platfonfl' 
A pulley on the shaft turns a ban-el on which is fixed a p0 
of |3aper^ while a pencU, moved backwai-ds and forwards ^- 
the vaiying thrust of the sere Wj exhibits to the eye 
power of the engines. 

The force driving a paddle wheel engine U nieasiu'eil If! 
a dynamometer fixed on shore, a i'oi>e beiog carried from tk| 
vessel and fastened to the dynaniometerj when tlio enginUl 
sre set to work and VmM ^.taative force ascertained prociB«3f 
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as in tlie last cas^. The use of the dynamometer has greatly 
furtliered the mechanical improvement of screw engines, by- 
enabling ns to estimate the tkruat of the screTTj and thns 
ascertain if any large amount of force ia being wasted. 
General Morin states that a good dynamometer should have 
(1) sensibility properly propoitioned to the intensity of the 
efforts to be measured ; (2) the indications of the flexni-ea 
^onJd be placed beyond the chronic influences of the 
observer and must he given bj the instrument itself j (3) the 
obBerver should be able to estimate the effect at every point 
of the path of onj curve made hj the iaatrument ; (4) the 
apparatus should be consti^icted so as to etisdy give the 
total amount of work expended by the engine or machine 
■under consideration, 

341. Friction Dynamometer (Balk's),- — The fnction* 
dynamometer is eni|:)loyed to ascertain the hoi:se-power of 
an engine by the friction, " The strap or instrument used 
for producing the friction in Balk^a dynamometer is connected 
with the endls ol an unequally aimed leverj which causes any 
Bhifting of the strap or instrument to increase or decrease its 
preasure on the friction wheel, thus adjusting it so as to 
produce the exact amount of friction necessary to keep the 
load up." The instmrnent consists of a drum, which i-cceives 
its motion fi-om a Strap connected \\'ith tlie engine whose 
power is to be tested. 
On the same axis as 
the drum is affixed the 
friction wheelj the 
periphery of which. 
is turned smooth and 
true, on it works the 
friction band, con- 
Bistmg of a hoop of 
thin copper. On the 
inside of this hoop is 
fixed a lining of wood 
(generally beech) in 
pieces; to the hoop ia 
fastened two plates, 
fiom wliicrh two atmpB run to tlie cnda of Ick^ei \^^^ ^^ 
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on© of the plates is attsclietl, by means of steel straps, a mk 
pan, into wliich ia put tlie weights. Small weiglita 83^ 
milled to each end of the lever, imtil the fiicfcion of the 
band is BO increased as to lift the scale pan with ite 
weight The instrmnent is tested with vanoua load% aod 
a scale obtained* 

/ 18 the friction wheel, with the friction band h round ii 
The drum is not shown in the figure. Tlie lining of wood 
attached to the friction band is indicated by the blocks m 
cross section. The lever is A B resting on its fidcrmn C ; 
the atmps are seen connecting the plates p and q with tte 
ends of the lever. The end A of the lever nmat be sliglitly 
longer than C B. The scale pan is shown at S. 

The point of suspension p of the weight W mnst bo k^ 
horizon tab Tho power required to maintain the weight ia 
the position in the figtu'e will be the velocity of tho pomt f 
per miniito multiplied by the weight, which will therefoiio 
be equivalent to the nnits of work done. 

Let ns suppose the radius of the friction wheel is 2 feet 
6 inches J the number of revolutions 100 per minute^ and ^ 
wf^ight 100 lbs., w-e can then find what the hor3e-|>awer 
will be. 

Circumference of circk = 6i( 3 1416. 

", Velocity per minute ..,..*. = 6 x 3' 1416 x 100, 

,\ Units of work done per minute = 5>;3"141GxlOOxlOO, 

, TT^„^ ^^^^^ „ 5x3-141 6 X lOQxlOa _ . -., 

" Horsc-pawer = apoo"^^ ^'^^ 

To find what weight we must nao to test an engine : 
evidently the reverse of this. The hoi'se-power must he 
multiplied by 33,000, and the produce divided by the number 
of revolutions of the dynamometer multiplied by the circum- 
ference. 



EXEECISES CHIEPLY FROM EXAMINATION PAPEEa| 

1, How (jan it be aacertained hy the aid of a alido diagram if i 
Btqp of Ui<3 (jccentric is proi>erly adjusted (36G7) ? 
Z DescnhQ the indicator* Skow Tcitrw \\. iaia?j \x> xw&d. to find ■ 
e^gti^horsO'power oi aa ea^iiB l^l^^ShV 




^'Haviiig given a Bormal mdicator piston dia^am, eIiow wliat 

mgc would take place in ita form if the injection watej: be slrat 

i or, Bccondly, if the steam be tkrottled (18G8), 

L What kind of a diagram would be obtained if the gab lever bo 

I lon^f? What kind of a diagram is obtaimjd by fixing one end of 

t atrmg to the crosshead of the slide (18(>8), 

K Deacribfl the indicator for ascertaining the horao power of nn 

jine, Braw the diagram which you wtiukl expect to obtain 

en & coudenmug enginG in good working order, Jf the alide rod 

re a little too long, describe the changes which would probaLly 

nr in the diagraniB taken at each end of the cylinder (HononrSi 

I Show by an indicator diagram tbe advantage of worldng ex- 

laivoly over tkrottliug (1864-5-7)^ \ 

\ In what caaea would you consider it neceSBaiy to take a diagram^ 

m the top and bottom of the cylinder, and how would you from 

,t diagnmi get the work developed in tho up and doTsii strokea 

pectively (1865). 

f. Give a description of Ricbard'a indieatorp Do you know any- 

bg of a continuous indicator ^ 

I Show clearly by an illustration bow the horse -power of an 

rcan be found from an indicator diagram. 
Describe the dynamometer, 
IL Show by an indicator diagram tbe advantagea of working ex- 
HiTely over throttling (1865), 

12, Sket<ib a normal sHdc diagram, and aleo a BHde diagram with 
'eccentric atop top advanced (1S65.) 

3. Explain the eouatniction and principle of the indicator (1SG3), 
t Give an outiine of a normal slide iliagram, and show by a 
responding diagram the alternation that would take place if the 
6 rod were shortened (1863). 

5. Give a sketch of a normal indicator diagram. Wlat alternation 
lid be produced in the upper and lower indicator tiiagramB if a 
ion of the lap were taken from the exhaust Bide of the uppea* 
S face, and the flame amount added to the lower exhaust side 

■Explain the confitruction and principle of the indicator (1865), 
■Show by aJide diagrams the advantages to be gained by ex- 
Bre working aver tbo throttling when making the same number 
iTOlutions {1SC5), 

i,^ By wliat apparatua can you obtain a diagram on paper whiek 
inform yon as to the amount of the pressure of the steam or 
indensed vapour in the cylinder during each portion of tbe stroke 
to piston ? what would be the prubablo form of iJie diagram in a 
enaing engine (1870)? 

, Draw the indicator diagram which, would probably be obtained 
, the £3^!inder of a condensing engine, and explain liow the changea 
I form indicate what is occurring in the cylinder at dilfereut jiarta 
te stroke. How would you calciUate the horse- nower from thi? 
— (1870}? 
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20. DrflW tli6 indicator diagi-Bin whicU yoti wonkl expect to obt&in 
from a condeafliBg engine when tli© fiteom ia cut off at one-fourth tuf 
the stroke? 

21. Draw also the diagram wlijcli would be theoretically pfirfert, 
aiid ehow from it that the amoBnt of work obtained from the espeo' 
diture of a given quantity of steam is aomewbat more tban twice wbi 
it would be if the full preaauie were continued till the end c^f th« 
stroke (1871}. 

22. Draw the indicator dia^rojn which you would prohably obtani 
from tho cyHnder of a condensing engine. How would the ourre 
cbattge if the steam passage were opened too late and the ejdmusfi 
paao^ge too Boon ? Draw also the indicator diagram which would W 
taken from the cylinder of a aingle-acting air pnrop. How woald tbe 
diagram tell yon when the water waa being deUvered {Honoura, 1871J! 

23. Describe the indicator with a aketeh, and explain ita iuie& 
The steam pressure before expnnsion is 10 lbs. above the atmoi^Sien, 
the steam is cut off at ^tlis of the stroke, the exhaust commeuoeB xt 
-J^ths, the cushioning at i^ths, and there i^ no lead; repr^aent ^ 
diagram you wonid expect to obtain flS*j5)^ 

24. For what purposes ia the indicator applied to the cjrlin^erB d 
steam enginea? Trace the peculiarities iu the curve arising froitt 
expansion of the steam, eduction, cushioning, and leaci {186fi-7J^ 

iJ5. Explain the eons true tion of ths intlieator, and show how it ussy 
he employed to obtain the horse-power of an engine (18(5G). 

26. What kind of diagram Would be obtained at the upper Aitil 
lower ends respectively of tho cylinder if the slide rod weie ahorteniMl 
(1866)? 

27* "What ia the use of the expauBion valve? Show by a dijigrsni 
tho pressure of the steam in diffeitsnt parts of the etroke when yfnthM 
oxpansively (1607)* 




CHAPTER Xn. 

THE LOUOMOTIVE ENGINE.* 



DIVISION L 

HaatoTy— TrevitMek'8 Model — ^AdTiesion of Wlieek to Eails, etc. — 
Tractive TorcB — Murray's Engine — HedJey's iH^oeomotjve — - 
Stephenaon'a Engine i " Tlie Hoeket"— Blast Pipe— Trevi thick '3 
Claims — Contract between " Eocket" anil Modem Engines* 

242, Its History.— No eooner liad Watt made hh im- 
pmvementa in the steam en^o, than many thoughtful 
igrsona be^an to consider tho practicability of turnin"; tho 

Hnr invention to the pm-poae of locomotion on our common. 

HpuIs. Even Watt himself, although bitterly opjx)scd to the 
scliem6j becau^ hu thought such a higli pi-cssum of steam 
would be requii^ed, produced improvements upon steam 
enginea which, in Lis own words, ** are applied to give 
motion to wheel carriages for removing persons, or goods, or 
other matter fi*om place to place, and in wHch the engines 
tbemselvea mnst be portjible." Hia boiler wag to be of wood 
or tbin metal, even eaiihenware and lead wei^ used in early 
boOers, as tbey never dreamed of a pressiiro much above that 
of the atmosphere ; his fireplace wag to be within the cylin- 
drica.1 or globular boder^ the steam was to be discharged 
into the atmosphere, or else condensed bj a cnnous arrange- 
ment for fiiirfacjo eondenaation. Two cylinders were to bo 

* For writing this chapter on tlie locomotive, tho valuahlo work of 

Colhum on Locomoike Enf/ineerlnff ha& been freely ajid bborally 

fJaced at the disposal of tho author by tho publbberB, Messrs, 

Wm. Collins, Sons, k Co. » of London and GlEisgow, The author had 

^^ scraplod to extensively avad hinaaelf of tho privilege. 



used, douHo acting, tli6 pistons and rods of -wlncli, hj ilie 
auii and planet wheels, converted the reciprocating rectifisear 
motion into rotative ; toothed wheels communicated tlie 
motion to the axlo of the wheels. Mr. Mni-doch, the foreman 
of Bonlton and Watt, better understood tLo locomotive than 
Mr. Watt himself, A email model made by him is still in 
existence. It is remarloiblo for its ingenuity. The piston- 
rod was connected to one end of a beam, vibimtiiig npon a 
joint at the other, an anungement known in a certain daas 
of engines as the " grasshopper/* The chief pioneers in tiio 
construction and in%'ention of the locomotive were undoubt- 
edly TreYithiek in Cornwall ^ Hedley of Wylam^ constructor 
of tho " Puffing Billy/' Hmi-ay, Hackworth of the Stockton 
and Darlington Kail way, and Stephenson, who, with bb 
" Rocket," won the £500 ptize offered by the doi^ectora d 
tho Liverpool find Jlanchester Railway in 1829 for the best 
locomotive. The conditions of competition were briefiy 
these : — 

(1) The engine must consume its own smoke ; {2) if tbe 
engine weigh 6 tons, it must draw after it 20 tons 10 mili^ 
an hour J the pressui-o on the gauge not to es:ceed 50 lbs, ; 
(3) there must be two safety valves, the engine and boiler 
mtist be supported on springs and rest on six wheels, the 
height of the whole not to exceed 15 feet to the top of tbe 
chimney j (4) it must not weigh more than 6 tons, km 
weight prefen^j which may diiiw a less weight behind it, 
then it may have four wheels ; (5) the price not to e:£ceed 
£550. 

243. Trevithick*8 ModeL — Ti-evithick made and worked 
the first tramway locomotive, Tho annexed drawing repre- 
sents & model locomc t,'ve made by him in 1802. The cylinder 
standing veitically is within tho cylindrical boOer, The 
large wheel is a fly wheel, evidently worked by gearing all 
of which is not shown. The small bind wheel is the driving 
ivbeel, driven by the crjink, as seen on the left side of tliia 
wheel, tho connecting rod coming down from a guide and 
crossbead above tlie cylinder. Ti-evi thick's arrangement fur 
tho iii-o was to pkt?e it within the boOer. He employed A 
" force draught " ci-eated by steam for working within tho 
chhntiej^. His engine worked simply by the «dJiesioii of ita 



ADHESTOl^ OF ITHEELS TO Tin; BAIU. 



spur-coii|>led (Irivmg wheels tipon tlie Fmooth surfiice of tbe 
tiumwa^. His lluo retmiied fram the back through th^ 




IKEVITItlCE'S MODEL. 



iKiilcr, and tho chimney went np by the side of the fii-eplaco 
in front. 

244. Adhesion of Wheels to the Bails.— It was a great 
dilliculty with early locomotivo engineer as to how thej 
ehould secmre a proper amotint of fiiction between a smooth 
wheel and a smooth raiL Hence in early locomotive engin- 
eering we ^ml geared wheels to the locomotivea working in a 
mck on the tramway, A difficulty did or doe^ exist, for at 
elow speeds with full pressure of steam on the piston, it is true 
that UiB ordinary adhesion of a single pair of wheels loaded 
with two or three tons only i?^ nearfy useless for any prac- 
tical purpose. From Mr, G, EennWa expeiiments on fric- 
tion and the t-estimony of practical men, it is found that 
with extremely light load a upon the diiidng wheels there is 
not sufficient adhesion. Were we now to em^ic^^ TN^\^\a <^1 
only two or tluve tonji upon tho driving wlicda di Voty^iift'^v?^ 
en^os when working at slow speedSj meana ^vox^i-^i^iSTJ^ ^ 



on© of the plates ia attaclied, hy means of steel straps, a acale 
pan, into which in put the weighta. Small weights ai^ 
added to eiich end of the lever, imtil the friction of the 
band ia so inci^eaaetl as to lift the scale pan with ita 
weight. The inatmment is tested with Yaiious load% mid 
a seale obtained* 

/ is the fiiction wheel, with the frietion band h round it> 
The drum is not shown in the figure. The lining of wood 
attached to the friction band is indicated bj the blocka ia 
cross section. The lever 13 A B resting on its fulcrum C; 
the sti-aps are seen connecting the plates p and q with the 
ends of the lever. The end A C of the lever must be slightly 
longer than C B. The scale pan ia shown at S. 

Th& point of suspenaion p of the weight W mnat be kept 
hoiizontah The power roquirod to maintain the weight in 
the position in the figui^ will be the velocity of the point p 
per minute multiplied bj the weight, which will therefore 
be equivalent to the units of work done. 

Let UB suppose the radius of the fiiction wheel is 2 feet 
6 inches, the number of revolutions 100 per minute, and the 
wieight 100 lbs,, we can then find what the horse-power 
will ba 

Circumference of ciide ^ 5x31416. 

', Velooity per minute — 5x 3-1416 ^ 100. 

.% Unitfl of work done per minute = 5x3*141(jk1OOx10Q» 



Horae power = 



5 >« 3-1416x100x100 



- 4 76. 



33,000 
To find what weight we must use to test an engine is 
evidently the reverse of this. The horse-power must be 
mnltiplied by 3 3,00 0^ and the produce divided by the number 
of i*eYolutioiiH of the dynamometer multiplied by the < 
fereaca 



EXERCISES CHIEFLY FROM ESAl^IINATIOK FAPERa 



1. How can it be ascertained by tbe aid of a alide diagram if the 
stop of the eccentric is properly adjuated (18G7) ? 
2, DBscnhQ the indkettoT, SVio^r "Utrfl- iSiTno.^ \wi Tiaed to find the 
eiectivo horie-power oi an enguaa ^\^^^V 



Qust be 
number 
gircuji^J 

'EEs/^l 
m if the 
find the 




MirEaAY*s Locoatotivi rpoir blekkiksop's juilway, 1812. 



woiild mOTf^ jfiistest, becmise its tractive force is qtiite siiifi- 
cient and the diiviixg wheel much larger in diameter than 
that of th© goods engine. To exert a great tractive force the 
driving wheels of an engine must, hj their friction upon the 
rails, have an adhesion equal to the tractive force. For 
instancej if an engine ia to advance, the tractive force being 
9 tons, the driving wheels must not slip untU the resistance 
amounts to the same 9 tons. This adhesion is secured hy 
providing suflicient weight upon the driving wheels. On a 
clean, dry rail as much as oiie-fomtli, and even more» of the 
total weight on the driving wheel is avaOable for adhesion, 
One-ais:th is, considei-ing the ordinaiy condition of the 
weather and other contingencies^ qidte enough to allow. 
Wlien half wet the adhesion is less than when thoroughly 
wot. They are^ in fact^ what 13 teimed greasy, and we 
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i^ii^t not reclcoTi rpoB tiiorD thaii one-tcntH, or cvca 
less] but Beo art. 'J 11, p. i^27, 

S46. Mnxray'S EttgiES,— Hei^ tlio boiler was cylindrical 
■tt^itli enda sliglitlj convened. It hod a single interaal fliie, 
-XFith tho firs at oiifl end and tho chimnej oomiag out of tho 
other- (To Eecure th© gieatest amoimt of eviiporation itic 
flue ought to havo returned through the hoiJer,) It M 
two double acting steam cylinders, tho ends of the piston* 
i-ods working in guides, ^^hile the connecting rock were 
coupled to cranks, which were made to work at riglit 
angles to each other — two on each side the engine. 
This 13 the ammgement adopted in motlern lo^:omolives, 
and MiuTay has tho honour of iirst iising it. TLo 
cyHndem wem upright^ and are seen in tho iUuKtration 
half immersed in the boiler. The cranl^a droYo a tootled 
wheel on e^vch eido ih*j enginej each of these two wheels 
geared iuto another t^^dce the diameter. On the axis of tlie 
lai'ger toothed wheel was a coai'ae pinion {the ono seen in the 
middle fmnt of the figui^e) which worked in tho i^ack Said 
along the mil way » The i-ack rail wa^ a clumsy affair, imd 
tho necessity for its xum disappeared as soon as heavier 
engines were const meted, tmd it became thoroughly unde^ 
fitood that eonsidemble adhesion existed between a smootli 
landed wheel and a smooth rail, 

247, Eedley'a Locomotive — " 77^0 Fu^ng i?%/' — 
Uedlcy, who had been eiiiployod at Wylani in altering one 
of Trevithick^s engines, firat made a series of expeiiments to 
aniCGrtain whether the ordinary adhesion of the wheela of aa 
engine upon the smooth rails would bo suOicient to give the 
necessary amount of friction to ensure the useful applicatioa 
of the tmctiye force of the steam. It m claimed for Hedley 
that he was the first person ** to adopt smooth wheels work- 
ing upon smooth mils.*' It is evident Tre\ithick had done 
the same before him. Hedlej constructed the foUowing eogiae 
to draw coals on a colliery tmmway; and here we wouM 
remark, just fw the early steam engine was invented, im- 
proved, and developed to pump water from the mines of 
GomwaU and Devon, bo tho locomotive was inti-odiiced to 
draw coals from the mouth of the pit to towns, hx>n- works, 
and smelting fiu-naces at a distance* Tho endno under con- 
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Bideration had a wroiight-iroii boiler and a rctum flue — ^tbo 
chimney beLng" placed at the aawio end aa iho Ih-o door. Two 




M^Dl^YS LOCOMOTIVE **PUFFrN'0 HTLLY," 1813 (yOW IX SODTIl 
KENSINGTON MUSEUM). 

Ttrtical c^rlinders were iised^ oao on each Bide of the farther 
end of the boiler. Tho piston-rods were at one end linked to 
hmmBf which were centrad at tho other end — an aiTaogo- 
nDent known as the " graflshoppcr." The two beams i^re seen 
on the top of our figrnxs centred close to the chinmey, Tho 
imrallel motion may be noticed at tho right end of tho 
j'* grasshopper," and the connecting rods may bo observed 
attadxed to the centre of the beamji (neai-ly). Those two 
connecting roila communicated th^ motion of the piston by 
means of the eranka and toothed wheels to four wheels 
of equal diameter. In this engine HcfUey was the first 
(although Trevithick had previously suggested tliem) to 
^.y two improvements of very gixjat impcrtaiKsa ! (l\ h^ 
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employed tlie return flue Ijoilor, whifli not onlj gave dcU- 
tional heating surftuxj, but i^nd«t\iU the course of tlie hssm 
more effective on any given n.reu; (2) lie adopted a amsil 
diameter^ about one foot for the chiinuey, "which rendered the 
dmught quicker than those of 20 iind 22 inches used at 
KilHngTif^ortL Ilia waste steam piissed up the djimn^y 
after being previously thrown iuto u, cylindrical resenw to 
keep down the noLse, ^M 

^48- BtephensoB'B Engine—" T^is -^ocJb^/'— Stephenm^ 
life ia the histoiy of the locomotive engine. He found it ft 
Bmall imperfect engine, and after many trials and mucli e3q)6- 
rience left it almost the perfect machine we see it to-diiy. & 
first engine^ made to "lead" coals from the pit, ^ras constructed 
at Ki llingworth in 1814; it was supported on fonr wlieels 
three feet in diameter; it ha^ a wrought-iron boiler with a 
iiingle flue, the Hreplace was within the l^oiler, and the two 
veHical cylinders wei^ half immersed in the same, Tlifi 
motion vrm conveyed to the wheels in the same 




that Hedley had previously adopted j by the intervention ot 
cranks and toothed gearing- The cranks worked at xigl>* 
angles to each other, and the pistons n;a<lo two strokes for 
each revolution of the driving wheel. As seen in the Bp^t 
the axle of each pair of driving w^heels had a 24-incli tootb^ii 
•wheel keyed on to it, and the axles being 5 feet from tx^ntrf^ 
to centre they were geared together by three intermedift^^' 
■wheels of one foot in diameter. The centre wheel acta! its a 
regulator, and presei^ved the two ci-anks at right angl«s, »^^ 
thus kept the propelling power in eq^mlibrium* Thk engine 



3t answer verjr wd], its raclio^l defects \rere tbe smgle 

ad the wide clumiioj; tlie wa,st© Bteam does not ap|>ear 

e been sent into tLe chimney. Stephenson soon ahan- 

the toothed gearing to convey the motion to the diiving 

s, and introduced spiings to carry the weight of the 

\ Bprings were first nsed by Nicholas Wood. 

I* Blast Pipe. — The discovery of the properties of the 

yet has been much disputed^ some chuimng it for one 

Uome for another. Ita itsea were folly imderatood 

tthd year 1830. 

Pknnejted illnatratioiia will show how the blast pipe was 

d in the two cases of 

Eoyal George" on the 

bon and Daj-lington 

ay, by Hack worth, and 

Jtephenson in 1827. 

principle of the blast 

has been pi^eviously 

ned. When the steam 

rodnced into the chim- 

t causes a very power- 

^ught by rushing up- 

and carrying with it 
r, thus creating a partml hmrt iipe, 

m, when the air niahes through the fire doors and bam 

up the vacumn. In this act it caiTiea a large amount 
■^gen into the fire box, which assists in the moi-e peifect 
lotion of the coke. The steam expands as it rushes out 
mouth of the blast pipe, and filling the chimney like li 
t not only drives all out before it, but drags with it the 
from tho smoke box by mere contact. The degree of 
fition in the chimney, or the vacuum, of a locomotive, 
orally such as woidd support from 3 to 6 inches of water, 
brce of the blast gi-eatly depends upon tho amount of 
iction given to the mouth of the blsist pipe, as seen in 
iregoing left hand figiu'e. The contraction must net bo 
d too ikr, for it is evident that if the steam cannot freely 
Mt of the cylinderj a back pressure wiU be thrown on 
*ton. As there are two cyhndera, the exhaust steam is 
in forked pipe^ sometimes called a breeches ^v^ye^ towa.^ 
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one of the platea is attaebedp by means of sted straps, a mk 
}>an, into wliick is put tlie weights. Small weighta lue 
added to each end of the lever, imtil the fiictioa of tb 
band is so increased as to lift the BcaJe pan with ila 
-weight. The inatruinent ia tested with variouB loads, im4 
a scale obtained. 

/ is the friction wheel, with the friction hand h miwd it 
The drum is not shown in the figure. The lining of wmA 
attached to the friction band is indicated by the blocki in 
cross section. The lever ia A B reatmg on its fukiiua €; 
the stmpa are seen connecting the plates p and q with tie 
ends of the lever. T]ie end A C of the lever must he sHghtly 
longer tlian G B, Tlie scale pan is shown at S. 

The point of suspension p of the weight W must be kept 
horizontal. The power required to maintain the weight in 
the position in the iigui^ will be the velocity of the point j» 
]jer minute multiplied by the weight, which will therefore 
be equivalent to the units of work done. 

Let us suppose the radius of the friction wheel is 3 feet 
6 inches, the number of revolutions 100 per minute, and ^ 
weight 100 lbs,, we can then find what the horae-powar 
will be. 

Circumferenee of circle = 5 x 3-1416, 

\ Vejacity per minute ..*... = 5 x 31410 x 100* 

,\ Units of work done per miuute = 5 x 31416 x 100 x 100, 
, TTn^. ^r.*^^ - 5^30416 X 1 00 X 100 _ . .^. 

To find what weight we must use to test an engine 

! evidently the inverse of this. The horse-power must Ise 
miiltiplied by 33,000, and the produce divided by the munte 
of revoiutiona of the dynamometer multiplied by the circiwflr 
ferencew 
St 
em 



EXERCISES CHIEFLY FROM EXAMNATlOlf FAPEBS. 

1. How can it ho agcertained hy the aid of a. slido dbgram if tbo 
stop of the eccentric ia properly adjusted (I8ti7) ? 

2. Describs the indicator. &\iow TcLcyw \t isuj^y be used to find tbe 
elTactiYG Jiorge-powcr oi an eu^e (^l^Jy^V 
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vith its tender loaded it weighed 7 tons 9 cwt. Its boilar, 
of which the iiecompanyiiig figLire is a section, Wiis cjUndriijal, 
C feet lon^% with a diajneter of 3 feet 
4^ inches; through it passed twenty- 
five copper tubes 3 inches in diameter; 
these couvejed the heated air, gases, 
and other products of combustion fi-om 
the *^ fire hox" at one end of the boiler 
to the taU chimjioy, 12 inches in 
diameter at the other end, after pass- 
iiig from end to end of the fine. The 
h^.ting surface of this mnltituhidar 
boiler was 117| square feetj tlie use of 
these tubes gained Stephenson his vio 
torj, and laid the foundation of Iiis fame. The body of 
tlio figure on last page is the boiler barrel with the tnbcs 
inside. The fire box or fui-nace is represented on the left 
hand side close to the smaller wheel. It will be noticed that 
a small tube goes from the boiler barrel to the furnace, this 
waa to allow water to nm round the lire box casing; at the 
top of the fire box was another tube running into the boiler 
{in our figure it is omitted and hidden by the upper end of 
the cylinder), to allow the steam generated in the fire box 
casing to enter the boiler. The safety valve is the projection 
~ the top of the boiler nearest the chimney. The cylinders 
ire two J one on each side; one is seen to the left just ahove 
tiie fiiMj box, inclining to the rails at an angle of 45"^; this 
^m a poor arrangement, as the pistons shghtly liftotl the 
boiler up and down on the springs. It ia seen that the con- 
HQcting rods worked on crank pina on one of the spokes of 
the driving wheels, and thus the motion of an ordinary eon- 
nocting rod and crank wtis gained* The diameter of the 
cylinder was eight inches, and the stroke l^^ inches. The 
exlianst steam from each cylinder %vas carried through a jjipe 
ami turned upwards into the cLimney, b\^t the exhaust oniice 
"^^as not contracted. 

The next illustration ia ihe " Eocket" as altered after the 
trial in 1829^ and as now preserved in the South Kensington 
Museum, London. A glance at it will show tW tsrycq-^^ 
iumtg, and one or two things are plainer fhsoi m whc ^t^ 
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viQUS rii^iir<?» Tlio long pipe nmning along tlie top oft! 
boiler ia tku exbittist ^^u^m pipe. Tim abort pi|>e totker^'M 
I r 
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is the steam jjipc, to allow thfj steam to pju^s from tlie boiluF 
to the slides aud cyUnder* The yprin^'s and czniik are mora 
piuiuly ™ible. 

251. Trevithick*B Claims.— "As a true inventor no name 
etand^s ib so close connection with thia locomotive engine BStbat 
of liichard Trevithick. It was he who first "broke througli tlir^ 
trammels of Watt's system of condensation^ and low if m'* 
negative pressure. It was he who first employed tlie ijitenial 
fireplace and internal heating surface ; ho wag the fii-st to 
create or promote a chimney draught by means of esliatist 
ste^am; the first to em])loy a horizontal cylinder and onuikeJ 
axle, and to pi-opose two such cylinders with the CTAnks tit 
Fi^ht angles to each other; the first to surround the cjMer 
with hot aii\; the first to draw a load by the adhesion of * 
smooth wheel npoii a smooth ii-on bai*; and the first to mska 
and to work a railway locomotive engine* T^vithick m& 
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^i^ Stephenson wero contemporariea,* The first loco- 
motive seen hy the latter wa^ conatnicted by the former, and 

personal acqujiintance waii afterwards established between 
beiTL Although irrelevant to the present purpose, it may 
^« added that Trevithick x>atentcd the scrow propeller, and 
l^ecified several forma of that instnimeiit, and various modes 
f applying it, in 1815 — years before those to whom the 
tivention is more commonly ascribed liad turned then- atten- 
ion to it. Justice exacts the tnith, however, that Tre^^i- 
liick'a genius, brilliant as it cciiainly was, was of an impme- 
kicable kind, and scai-cely capablo of conferring any diieut 
benefit upon society. 

" The next moat desei^vin^' name in connection with loco- 
motive improvement is that of Timothy Hackwoith, If ho 
liseovered no important priQciples, he stamped a character 
tapon the sti-uctTjre of the locomotive engiae whicJi it still 
retains. What he did in this i^^^pect should ha ever ackuow- 
edged. It does not appear, however^ tiiat Hackworth was 
aver placed in a position whero lie had to struggle against 
tod overeome the once stix)ng prejudices of the public against 
ocomotive conveyance upon railways. It is im the champion 
n that great contest that the uajjie of George Stephenson 
nust ever shine aboTe all others^ and even Trevithick and 
tiackworth might have felt pride in having provided directly 
)r otherwise the most important aids in the tinal achioYemenfc 
rf the great. victory of 1829." f 

253. Contrast between the ^' Roeket" and Keeent Loco- 
inotives* — ^The cost of the " Rocket" was not to excGe{l £550; 
nodenci engines cost upwards of ^2000. It weighed 7 tons 
\ cwt. with ita tender; the working weight of some modem 
engines and tenders exceeds 45 tons. The 'diiving wheel 
fnm 4 feet SJ inches in diameter, and cylinders 8 inches, 
pid stroke IQ^ inches. Engines are now running mth a 
liiviiig wheel 9 feet in diameter, and cylinders 18 inches, 
^id stroke 21: iuehes. The greatest sped attained by the 
» Eocket" on its trial was 24 miles an hom^, for a distance of 
)ne mile and a half* Borne of the express engmes on the 

♦ Trovitlnck woa hom April 13| 1771, and died April 22, 18:33; 
[>corgi? St<?phen&on wag horn Juno 9, ITSlj and died August 12^ 1S4S. 
t Colburn's Locomolho Euf/lmmfig^ 
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London antl Noi-tJi-Weatoni BuilwBy Lave attained ft 6 
^of 73 miles ]yor hour Iwtwecn Holylientl atitl ttondon* 

preasiira on tlio boiler wns Bot to exceed 50 lbs. on the ^tis 
'mdi wbeii workings althougli the compuiy were to be \ 

liberty to test the boilerjetaj up to a pix?ssiiro of 150 lbs, mi 

fiquniTs iiich. Now new locomotive boiler*i work at ji pn 

nir<i!y Ji^RH than 120 lbs. on the s«][iiaiiG iiicli, and iniifiYt 

140 and 150 ibs. 
The fatudoiit is invited to compare the " Bocket" wlUi tk 

engine on opposite pge. 
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General Dcacription of a Locomotivc^^Inmipton^a EngiEM— Taift 

tLocctmotivG -^ Bogici — Locomotivo Boiler — Shell of Boilef — 
Thjrough Tio Hods— Ttihca — OleatiMioe— Fire Boic— Staying th 
Furnace— Fire Bara— Ash Pan— Smoke Box— Heating isti rf^w 
— Safety Val vea — Clvi nmey — Damper — Steam Oomo — M Ml 
Hole^ — llcgulfttor — Whittle — Pressure G au^cs* 
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of tho Gi-eat Western express enginei, mni'iing on orgitt 
'^hfmh} tliG large ^yhQcl ia tke diiYia^ wheel, tho othoiij M 
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called the leading and trailing wheels; the chimney is ss^M 
an the ri^4it handj the ftuiiace on the left, and tho burrfl 
of tii*^ hoilvv with the tubes in the midcUe. Upon^et^iM 
of the furimce h the niemtx dome and tlio safety valve, T^M 
springs for mn^ing tho ivaight of the whole may also tiB 
noticed. H 

The annexed illustration will give a mnch better itlea S 
the locomotive engine and l^oiler than the last one. H 

In this sectional elevation F is the fun i ace, -with/tlM 
furnace door; tJio furnace is seen auri'ounded by the outer &H 
box, but the screwed stays are omitted. Above and M^xU 
B are the tubes running from the inner fire box to tiB 
smoke bos S, one only is Siown j ai'ound the tubes and akfl 
them is the water; "die level of the water is called the ivatfl 
line, Adiniaaion to the smoke box is ^dned by a door H 
d; this door is fitted as closely as possible to excluda all t;(fl 
air. At the top of the smoke box S, is seen the diimnej H 
and within the smoke box is the waste steam pipe or bkH 
pipe, B P, the mouth of which can generally bo closed, or ■ 
least paHially closed, to regidate tho blast. The dome isH 
D, the steam from the boiler imsses up D to the mouth cS 
jnim in it, this is tho month of the steam pipo S P, generaM 
closed by tho regulator, which admits tho steam to ^M 
cyhnder; tho regidator being opened, the steam passes aldl 
H P do-\vn the smoke box by way of P to the cylinder ■ 
and sets the piston i-ecipixjcating^ thus the engine is wortflH 
In our figure the handle of the regulator is at A, and the i^^H 
later itself at r, the handle of course beinf]f worked by IH 
onginomanj who stands on the foot-plate, F P, at the bfliikB 
tlio furnace ; the whistle is also close to his hands, whiB 
one of the safety valves, s % or S Y, is under his contt^ 
genci-ally s v, and the other he caimot interfere with* 'WB 
man hole and man hole door ai^ seen at JI H, below tH 
dome ; the man liole door is tiiken ofl' when it is wishfJ l 
to enter the boiler for examination, or to tighten the 5tajS| I 
etc The Jarge wheel in the middle is the driving vthee\ 
turned by tho cranky which is moved round l^y tbe <^^ 
nectiog ix)d c, which is attached to the piston i-od i, th^ ' 
latter in it,^ tuiTi is firmly fixed to the piston. The f^^ 
wliml next the clmmiey ^ calkd the leading wlio^L 
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Chamtton's engines. 

ciirely Rxod on tlxo leading asde, and the wheel to tho right 
fj trmlin^ wIieeL 
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Til© above figure is another pliLn of arran^ng the loco- 
lotiye. The examples given on p. 238 and Plate I. have eighi 
^lieela, the genoi-al run is six wheels with the large driving 
ieel in the middloj but in Cmmpton's arrangement the 
u^e driving wheel is behind. In his engines cb'cular 
lotion is hrat given, bj inside cylinders, to a cranked 
hft, supported on bearingg iz.^ upon th^ fmma m tl^ 
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usual manner, aad motian is oommmiicated firom 

to the driving wheela 
the fire box by side wk 
Wlien outside cylinders m 
used thej are placed niidmj 
ici the length of the boiler, 
nnd connected directly to tliO 
r! tvifii^f wlieeL Tlie tipper 
^jgLii'i.' ia Cmmpton*s ammga- 
ment for ontaido cylinder, -to 
lower for inside cylinders. 

354, Tank LocomotiTe.-J 
IknJi^ locomotives are tidvocatd 
in opposition to those of ei-' 
ceasive weight to save the euOT- 
mous den.d weight, aad aio< 
f,'enenil]y \evy light They are) 
constructed with a tank Tisually 
over the boiler, and occasion- 
ally at the fiidea, bo that thej 
can carry their own -wnter,! 
without being compelled t» 
tlrag a tender after them, beinj; 
independent of that seemi&gly 
lixed j.ipi>endage. 

255, Bogiea. — The bogie ^ 
n, truck on four wheels thflti 
\srill awiYcl mimd. Bogie ca^l 
vijtges generally run on ei^l 
wheels. Thoy were invented: 
to meot the necessitiea of tk 
American tmffic, where, ifl 
passing throiigh streets, it mA 
somolimes necessaiy to tam 
roxmd very Bharjj angles, Mf* 
Stephenson constructed tto 
first bogie for America. * ' Tk 
engine was made two-wheey^ 
pjid a amaU truck on four ]a# 
wheels suppoii;ed the fittnt eiulj 



swivelled to it hy a centre pin, or wLat tlie Ligb. 
*ople call a perch bolt, Tliia land of truck, known in 
ilacea aa a lorry, a trolly^ and nianj other namosj was, it 
B, called in Newcastle a. hogie, and the engine ^aa 
iro shipped as a bogie engine. It became the pattern 
*e for American locomotives/'^ Wlion the engine 
iago is long, two bogies are employed with foiu* wheels 

he example her© given, the engine ia on two trucks, 
Le end can be turned so that tlie double sets of wheels 
!i in the same straight line. In practice it is found 
ogie carriages bring a great strain on curves. In the 
B Wonder," which works on the Festiniog Kailway, 
icted to a gauge of 1 ffc. llj in., or the two foot gange, 
iler ia double, with two fire boxes, ti^-^o barrels and two 
^ tubes, and two chimneys. A bogie or swivelling 
is placed under each haiTel, mid each bogio has two 
f wheels ooupled together, working independently by 
of steam cylinders to each. 
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LOCOMOITVE BOIXEK, 

OCOmotive Boiler. — All locomotive boilers ai'e of 

I termed multitubular: they qonsbt essentiiUly of the 

ed with tubes, wHle the two ends are named 

the furnace, or fire box, and the smoke box. 

should be rolled from the best iron to about 

* Ciark*s Hallway MmMnenj. 






STEJ15L 

tiirBe-Giglitlia or half an incli in tliickiiessj tlieae form tie 
"barrel, "whieh has a diameter varying from tbree feet to foiif 
feet three indiea in different boiK^i's, and consists of three at 
mx plates for eacli boiler, and their joints arc arranged to 
give as mnch sti'ength as jwssible. 

d is ttio barrel of tubea. fin the fire ho:^. The fire door 
ij seen at tlie end, in front of which stiinda the driver ant! 
firemaJi, the latter supplying the engine i^-ith coke by tliroT^* 
ing it into the fm-nace ; the £re door is always oval, c- Is tbe 
safety valve ; there is also a second safety valve soiuetlmRd 
placed on the top of c, the steam dome or chest. 6 ia tie 
chimney, bolted on to the top of the smoke box a. 

The- shell of the hoikr is usually made of best Yorkshire, 
Staffoi-dshlre, or Lowmoor iron. The thicknea.^ of tke plaka 
varies from |- to |- of au inch, according to the diameter d 
the barrel of the boiler, which i-arely exceeds 4 ft. 3 incbfift 
imddo. The joints are either kp or jump joints ; if the fet 
mode is adopted they are made to lajj 2 inched or ^^J 
inches for single riveting; when jump joints are employt'ft, 
4 or 4;i inch welts aa-e applied to the aeams^ and aacui'ed^ 
the boiler plates by two rows of rivets : the plates are flf 
ought to ba planed at tho edges. The riveting is iiaually 
single, but for strength it shoidd be in double rows in r b^ 
zng course. The rivets m. size ai-e from f inch to { incli VH 
diameter, being placed at a pitch (hxtjn centre to centre) (I 
from 1| inches to 1|^ inches. The barrel of the boiler w 
uaiudly joined to the fire box and smoke box tube plate by « 
three inch angle iron. In the fii-e box shell the front m\ 
back plates are joined to the others either by three inch mi^Sc 
ii'on, or by flanges tmned on them to a fonr or five inch radiiu>i 
the former is the simpler process, but the latter the strongeTj 
fixing them more secnrelyy and is the plan generally foUowtjd- 

257. Through Tie Eoda i-un from the smoke box tabu 
plate to hack of fii^ box; they are abont one inch in diamtit^^- 
and fonr inches from centre to centre. Their number depemis 
npon the size of the boiler. They ai'o put in to stay tlw 
boiler, and to assist the tubes in preventing the two ends 6tp 
being blown ont by the force of the steam, 

S58p Tubes.— The tubes may be of brass or iron; eopperi^ 
too softj lor^83 i^ ftVs^ \3fctjt^t Ibaa ii'ou for several reasons. R 



its tlie heat bettor, or commimicates the motion of the 
^re r^wiily to the water than u^on, and also resists the 
.iig action of tlie small coko carried through the tubes 
draughty it resista the action of impure water ontside 
sprmgs more easily imdor extra expansion, and is not 
lo to break as ii^on in. EconomicaUj, brass tubes are at 
s cbeap as iron, as they will fetch when worn out half 
:>rigiual price for old metal. Tubes are fixed in tha 
)latea by widening with a mandril to lill the holes 
stely, turning over their protruding ends upon the 
At the fii'o box end, feruleg of ^Tought-iron, and 
le cases of caBt-ii'on, about an inch in length, slightly 
Ij are inserted, and should, when driven, be left with 
a ^ inch projection into the fira box, so that should 
F the tubes spriug a, leak on the road they may 1)0 
led by a tap or two from the end of a pinch bar- 
is at the smoke box end are frequently omitted, which 
I fi'oe passage for small coal and cinders into the smoke 
Tubes aro either of equal thickness throughout, or of a 
ag thickness, from No. 9 wii^-gauge at the fire box to 
4 at the smoke box. Tubes wear unequally on the 
, and mostly at the fire box emh The fii-st foot or 
Bn. inches shoidd therefom be a little thicker than the 
\ the tube. The number of tulres in a locomotive boiler 
from about 130 to 220. The distance between the 
called the cferance, is from -|tlis to ^ths of an inch; 
but the larger the tubes the greater the 
clearance* The size of the tubes varies 
from 1| to 2 inches in diameter,' they 
must not be too smaD, for fear of being 

tP^^ choked, nor too large, for then the heat- 
ing surface is diminished. If too small 
they are perhaps too numeroTis and 
^Q crowded, when the water spaces are not 
^Kft of sufG-cient size to prevent priming, 
H which is a serious evil if not effectual ly 
H- prevented in time, neither must they 
H be too lotig, m the evaporative power 
3* TTBE AS SESN c>f the hcatcd ^n^nH rapidlf dimiid5^«& 
BT I'laE BOX as they rocede ft'om tku iir^ \jqi£.. 
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269. The Manner in whicli the Tnbes are Fastened 
into the Tube Plates. — Tids has just been explained, and 
we illustrate it here ; — T P represents a piece of the tube 
plate; i* Hit' is the brass tuLe, Tirhich, when driven in, 
projected a little beyond the tube plate, then the end ^wria 
tnxncd oyer on the plato as we Bee it at t and t\ thus 
they are all left at the smoke box end, but at the lire boi 
end they are further secin'ed in their places by the ferules K 

260. Clearance. — Clearance is the space between tte 
tubes, and between the tubes and the boiler shelL It is 
required to allow a proper circulation of the water iwid 
steam arotmd and between the tubes, and to give the atefun 
plenty of room to rise, instead of remaining in contact mtii 
the tubes. 

261. Pire Box or Furnace. — The /re &oa: coni^Ists of ti?™ 
distinct parts, the external iire box, always made of wrought 
iron, and the internal fire box, or furnace proper, of copper. 
The staying of the fire box is a question of the greatest 
importance, esiKJcially of that part inmiediately above tho 
^3^. Occasionally the internal rectangular fire box is of 
iron, but copper is found to answer better, because it resisto 
the intense combustion and conducts the beat more rapidly, 
and is not SO liable to be burned away and ruptured at thfi 
thick lap joints and places where the sediment collects. The 
internal lire box is ilistened to the external by screwed stavs, 
screwed through both plates, and their heads left and riveteJ 
over. The space between the two is a water space. 

In this ^^ixr^ (Plate II.) the part marked ^S,etc., is the space 
between ttie internal and external fire box, tho latter is seeiiiB 
section on the outside, the former is seen inside the other] the 
short bolts running across are the screwed stays, many of tlj* 
ends of which fu'e seen at the front* of tho fire box at ^j?j 
etc- The tubes B are marked by double circles abovej there 
are about 178 of them in this boiler. The water spiiW* 
between tbe two fire boxes completely surround the inner fif& 
box; it will be seen closed at the bottom by a square ^^ 

* Tlie fraat of the liro box m what would be gcaeraUy termed ti* 
back, i.c., the front ia the part nEXtrt^t ikt tiiht^a, m> tbat the other 
side, where the door ^, is t\wi bd^k. Ita i£,\s.^emaii Btonds at til 
l^ck of tbe fire box. 
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beut and welded to tlie proper form, to extend 
pie bottom of the inside fire box, and ia livetted and 
a^Tilked to both fire boxes. The water in the water 
L free commmiicatioii with the rest of the water in 



?re bars are ^&<m at//, etc., and the manner in ^hich 
► of the fumaeo is stayed ia seen at c? (^ a, etCi 

ing of the Furnace.— The etaying of the furnace 
renders this end tiie strongest part 
of the boiler, 'Xhe Jlat top isj of 
course, equally bad with the flat 
Bides without tlie stay bolts, for all 
flat surfaces in a boOcr are inho- 
rentlj weak. The top cannot be 
satisfactorily secured by stay bolts. 
The following plan is adopted: — 
Aci-oss tho roof of the fire box are 
placed nine or ten roo/stai/s, or cross 
staj/s; A B (fig. 3) Ls one of iheni, they 
are placed foiu' inches from centre to 
centre, tliese i^oof stays are firmly 
bolted to tiio top of tho boiler, as 
seen at a a a. The mof stays ai-o 
further secured by suspmision siays^ 
or han^ng stays s s, to the outer 
fire box, in the manner shown very 
cle^arly in the figure at C C. Those 
in the upper figure are a little dif- 
ferently arranged to those in tho 
lower, but the principle is the same 
in both. The roof stays are firmly 
bolted to tlxe roof of the furnace, 
then suspension stiys extend from 
tho fire box roof stays to the top of 
the outside fire box. 

263. Fire Bars,— Fire bars of 

wrought iron stippoi-t the fire and 

separate the fire box from the ash 

\xm. They are laid on a frame 

or bmckQiis iu the idOys ^l *^^ toi\i^T£* 
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pable of sustainmg the weiglit of ilie fire. Fire bare are 
out 4 iJiclies deep, § of an inch tliick on tlie lower edgG^ 
d double that thickness at the npjjer, so thiit thej are more 
idel^ sepai-ated on the aide next the ash pan than on that 
L which the fire lies ; tiiey ai^ ^o placed that the top of the 
'Ts aiti above the bottom of the water spacca by 21^ or 3 
cheg. The fire bars are marked distinctly on Plate II., 
ge 2 IG, at ///j just above the ash |Mn A P. 
364. Ash Pan. — ^Thc ash pan is placed directly under tli© 
a bars, and h a simplo wrought ii'on tmy about ten iucht^ 
3p, the bottom Ijclug nine inches above the level of the mils, 
mnst be. carefully fitted and closed all round, so tkit tho 
'Ught shall not bo impededj ■while the engine driver can 

it as a damper to i-egnlate the supj>ly of air. Again, it 
'Uld be so arranged that when the engine is running tlio 

impinging against it shaU be diiected into the furnace, 
purpose is to prevent cindei-a and live coals from falling 
*H the line, for this, in early locoaiotion, caused aovei'al 
a. There is another reason for itj as Iihited above. Wlien 

engine is standing still it is often important to stop tho 
'^lution of fiteam, this is pai'tly done by allowing as Httlo 

as possible to gain access to the fumaco, hence tho ash 
I is made to fit tightly to the fire box on all sides ; but thm 
fit side can be opened and closed at pleasm*e, like an 
inaiy damper, which is adjusted by a rod worked from 
I foot plate. When the engine is nmning mjdJly with 

* damper opened, advantage is gained by the iili^ rushing 

# the ash jmn, and thence into tho ftuTiace. At sixty 
jpi an hour the pressure of air would be nine pounds per 
Sare foot, hence its advantage is at once apparent. Tho 
1 pan is at A P in the illustration on Plate II,, pige 24G. 
265. Smoke Box* — The smoke box is at the faither end 
tho engine to where the diiver stancb, or at tho fi'ont of 
) engine exactly under the chimney. The heated air and 
ducta of conibuation pass from the internal fii^e box 
ough the tubes into the smoke hox^ and then aw carried 

tha chimney. Access is given to it by means of a door, 
lerally swinging on two hinges^ which is kept fixed in its 
ce as air-tight as possible, by mians of bara, catcln/s, and 
tdlea. Sometimes tho door h ia two ^stTta, feldiii'^ q^ 
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ovcrlappiiig in the middle, and closed by a bor^ handles^ and 
catches also, la the smoke box is placed the blast pipe, Hud 
the steam pipe nms down it to tiie cylinders at the bottom. 
Ite use is to contiim these, and to allow the tubes to h 
cleaned out, and to gather tbe soot, bits of coke, etc., tJmt 
msiy be curried tlirough the tubes* The smote box is seea 
at S B, 

266. Heating Surface of Fire Box and Tubes, mi Srate 
Surface*— It hiH boeu most distinctly proved by exi>erimDiits, 
that most of tho hejit passes into the water from t£e fire bax 
and tlie lli^t foot or two of tlie tubes, and veiy little indeed 
from the further end of the tubes, imd that long boUcrs do 
not attain any economy of fuel. Taking an average con- 
ciunption of fuel, the c\ ajjomtion duo to the first quai-ter of 
the length of tubes is !21 per cent.; tliiit of the second 
quarter of the length of tubes ^ 16 per cent,; of the third, 13 
per cent.; and tha last qmu-ter length 8 per ceiitj leaving 
4 3 per cent, for the fire box. In the working of railways, 
from 100 to 200 cubie feet of water, or fiom 2*8 to 5*6 
tons, must be evajximted per hour to produce tbe necessary 
steam to moTo an oiTlinaiy titiin at the xi^md speed, A 
square foot of heating siu-faco cannot, under any circum* 
stances, transmit more tlian sufHcient heat to evaporate ones 
cubic foot of water in an hour; altogether nearly a square 
yard of heating smfaco ia requisite for the evapomtion of cue 
cubic foot of water per Lour in locomotive boilei-s. The totil 
heatmg surface is from 1000 to 1500 square feet. In tlio 
lii^e box itself there are about 90 square feet of heating srzi-face, 
and in practice fi*om six to tv^^elve times this heating sinfa^M 
must be provided in tlio tubes. The fire grate suiface varies 
fixim 12 to 30 square feet, but about 15 square feet is its 
usual rule. It is easily proved that the smaller the diameter 
of the tubes, by so miieh the more is the proportion of tLeir 
beating power increased. By doubling the diameter of a tute 
we double its heating surface, but w^o increase the space it 
occupies fomfold. In proiioi'tioning the number and diamcie^ 
of the tubes to the area of the lire box surface, it is best to 
keep them to a definite jji-oportion ; it is also considered that 
there sLonld be a eerUiu propoi-tion between the ai'ea of tbo 
Mro grate of tbe f vuimco ^ixA ^^ ^^'ea- cS. ^'^ ^^\dn^ tbiwig^i 
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wHeh tke hot goses escape from tlie fireplace. Tbe size of 
tMs opening is named the cahrun^ter^ -whicli is sometimea 
taken as showing the evaporative power of tho boiler^ but 
this Is not a wise test, as a larg«3 calorimeter can easil j be 
procurt^ by a few largo tubes. 

The top row of tubes — they are generally about 2 indiefi 
in diiimoter, from 10 to 12 feet longj and number from 100 
to 200 or more — m coyered by from six to eight inches of 
water. It must also he remembered, in arranging the fire box, 
that more heat passes into the water fi-om the top of the 
fuiTiace than from the sides, liecimse the convected water and 
steani cati rise up more rE^idily in the one ca^e than in the 
other. It is sometimes tlie practice to incline the fire box a 
' little. 

I 267. Fuel and Evaporation per Hour, — The highest 
^ rate of combustion may be taken as om /naiciredweight of 
coke per hour on eauh square foot of grate mrface; this evapo- 
rates ^ at the max'miwm rate, sisct&^n cubic feet of water per 
sqfmre foot of ffratn surface per hour, {Taking a pound of 
coke to cvapoi-ate nine pounds of water.) 

268. Safety Valves. — Two openings are made in tho 

upper part of the boUer, which aro covered by discs or valves. 

These valves are held down on their seats by levers; one arm, 

the shorter one, is secured tlh'ectly to the boiler, while the 

other ami, the longer one, is held down by a stout spring 

halanoej so scrcwetl down that the valve can only rise when 

^^e pressure of the steam in the boOer becomes greater than 

^b spring can resist. These valves are named safety valves, 

HKause by rising when the pressure of the steam exceeds the 

intended limit, they allow it to escaj^e, thus preventing any 

^Messive accumulation of pi-essure whembj the safety of the 

^Kler and pei^sons aronnd are endangered. The safety valve 

nro^ not show how much the pi'essui'o of the steam may be 

below or above the proper limit; this is shown by the steam 

or pressure gaugo. The safety valve of a loeomotive should 

be placed as far fi-om the domo ^is convoiLient, in order to 

! prevent priming. 

I Hiere are two generally fitted^ one placed beyond the con- 
twl of the driver and the other near him. They are kept 
ia their phw0Sf ouq h/a Salter's spring WlMifiQ^axisk^^'^i'^iosi^ 
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is held down directly by a Rpriug Bceured to tk© top of ike 
vulve, and lieuoo it has no leyer; Av^eiglits ai'© iimpf "licable to 
ilio ciiao of the loeomotive, because tbej Trould jerk up ami 
down with the vibration of the engine. The safety valt^s 
vary in size from 1 J mches in diameter to 4 inches; but the 
gctioml Kbe is about 3 inchea. Large safety valves are unt 
HO likely to &et on theii* seats as smaller ones. The lever Ij 
which the ^alt-er*a spiing balance presses the valve on to ite 
ucMit is generally graduated, according to the area of the valve. 
If the valve bo 10 iiichea in area, the lever is divided into 
11 parts; the safety valvp lever presses on the valve at 
the iirst di^^sioUj leaving 10 divisions on the long arm 
and ono on the short aroi ; thus the pressure per sqiiane indi 
Qix the safety valve is exhibited. They vary in shape in sojna 
engines ; annular valves are used in w-hich the 
steam escapes round the edges of two chtlcs. 
The annexed figure illustrates a veiy gocxl 
valve use<l by Mr* Oooch* It is constiiicttd 
Bomewhat on the piiueiple of the steam indicator, 
To the above valve there is no lever; tie 
Bpring balance is placed on the top of the valvo 
itself, which is 1^^^ inches in dituneter, Ths 
steam enters at S, wdien acting on a a agfidn&t 
the spiing in the bmrel B; the force of st^vm 
compi-esses it until it acts by allowing the stemn 
to pass through b. 

269. Chimney* — It is usual to term it ft 
chiinnoy, not a funnel- The height must not 
exceed foui'teerL feet above the level of the 
rails ; they aro made of wi'ongbt iron, and pro- 
ceed directly from the top of the smoke box to 
which they are bolted. Their relative sectioEal 
area to that of the fire gi*ate is abont oneH^tentl, 
or they should properly be a little less in 
diameter than one of the two cylinders, which 
is cuufyidered a good proj volition. Theii* diinight 
does not deix^nd npon their height; or, i-atlier* 
thtj draught depending upon tbe nisb of "iMisto 
^_^_^ steam, it matters little what height they are, fit> 
lon^ m they convey llio steam., Hmn\.^, ^^.^ v^^^a.^ ilvam the 
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driver and fii^einan, A damper is generally proyided, as 
seen in our fi^ires, near tlie end of the blast pi]ie; but tbe 
diimper is so ai^augetl that the nozzle of the blast pipe passes 
through it. It consists of a disc of metal 

270. Dampers, — Besides the disc damper referred to 
above, placed across the chimney, the front of tlie ash 
pan is always so an^anged as to act as a damper, by regu- 
lating the supply of fres;h air to the lire. The most effectual 
daJnpera are those placed at the smoke box end of the tubeii, 
jconsisting either of a peifomted plate with circular holes 
jcorresponding to the number and end of the tubes, which 
|Blide3 so to either completely close or leave open tho ends 
cof the tubes, or else it consists of thin strips of metid 
ai*ranged and acting on the pi-inciple of tho Venetian blind, 
Ijy those the tubes can be left fully open or closed, or partly 
closed, so as to chock the draught aocoi-ding to tho judgment 
of the driver. 

S7L Staam Dome and Prevention of Pnming. — Tbo 
position of the steam dome varies, but it is always bolted to its 
seatiui?, which is riveted on to the top of the boiler, sometimes 
immediately over the external Eva box, and sometimes towards 
the middle of the barrel of the boiler. Within the steaai 
'dome is placed tho end of the steam pipe, and it is here placed 
BO that the steam shall enter it as far from the water a^s 
l>ossible. It is sometimes known imder the name of tho 
Separator, because by the ste^m entering the steam pipe 
within the dome, a bettor clianco is given for the spray pro- 
duced by ebullition to sepaiute from the steam — thus priming 
IB prevented. Sometimes the safety valve is placed on tho 
top of the steam dome, but this is considered an objectionable 
pmctice, as it should be as far away as possible from tho 
steam pipe. A baffle plate of bmss, shown by the lino 
A B in the ^giir^ {p. 255), is fixed above tho water lino 
^at the entrance to the steam dome — it is thoroughly per- 
, forated ; as the steam mna towards the mouth of the steam 
pipe M, it impinges against this perforated plate, and in 
rnshing against the plate and passing through the holeSj tho 
water that has come away with the steam is knocked ont— 
the whole an-angemetit ia thus found effectualty to prevent 
piiming, Aiiotier mo4e of px'eveuting piimiiig ia by phiciug 
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tlje steam pipo m near the top of the Ixiller as possible, and 
allowing the Bteam to enter tlirougli holes in die top, before 
^liicli twe placed a smaller baffle plate ; this ma ten 
already exiilained. The dome is bolted to its seatj wliitli 
is riveted on to the top of the boiler or fire box — the torm^v 
it the more preferable plan by fai^- — and the joint ia made 
stotim tight, as exj^lained imder the uGxt heading Man 
Jlok. Its form varies as much aa its position, dependiiig 
Ti[iou the ta^te of tho iiiAkerj but the majority sa*e either 
hemis}iherical or have hemispherical tojjs. It is usmJly 
worked out of one plate, with a fipherical top, or finished 
with a dished cover of plate, or ciist-iron. 

272. Mau Hole. — The m[in hole ia to gain an entrance to 
IJiB interior of the boUer. Ho ajjecifll nmn bole is required, 
as the dome can be taken off, and admission tlms gained to tlie 
boiler ; but when fitted, it ia frequently over the top of the lire 
box, or near the chinmey, or on the dome seating. Hear the 
fire box is the heat place, aa the stays ciux easily be reached It 
is about 15 inches in diameter, aufiiciently large to admit a 
mtm^a body. The door of the nian hole must be attached 
with a steam-tight joint to tlio top of the boiler ; it is ren- 
dered steam-tight in the onHnary way, by the use of canvas 
aiid red lead. Sometimes the molecular force of expansioii 
ia made to i-cnder the joint steam-tight thus : — Soft coppr 
wire is laid on the joint, then the cover is brought down on 
to it and screwed up as tightly as possible, then, when the 
steam is np the heat causes the copper wire to expand ; the 
greater the heat, which, in this case, may represent preaaum 
of steam to escape, the greater the expansion of the copper, and 
the moro steam-tight the joint. It is made with a neckinj; 
formed of thicker metal than that of the boiler, oxid flang^*d 
to join it The npper flange is planed to i^eceive the cover or 
dome. 

373. Begttlator, or Steam Begnlator, — ^This contrivaneo 
is to regtilate the admission of steam to the cylinders from 
the boiler. They are made in various forms, but are chiefly 
of two classes i (1) Those formed on the principle of a conical 
valve and seat; (2) those constructed like an ordinaiy loco- 
motive slide valve. 
C is a lever, or else an eccentiic worked by Ike T^gulaih^ 




BTEAM WHISTLE. 



^1 



Jiandle^ yik\<h is close to, or within easj reacb of, tlie engine- 
driTer. TMs le^er, or eceeatric CVbeing moval, the slide M 
is brought down, aad free exit is given to the steam in tho i 
boiler, so that it can readD j pass down the steam pipe S P 
to the cylinders. Sometimes these waives are arranged pre- 
cisely on the same plan aa a ventilating grate in the floor of 
a bmlding, i^rhere a veiy slight tmn gives a lai*ge paassage for 
ait', in this case stciiin. 




Doan; and steam regulatoe, 

S74» Steam Whistle. — The steam i^histle is a device 
attached to locomotives for giving warning that the ti-ain 
is approacliingj moving, etc. It mainly consist a of a pi]je 
fastened into the top or end of the boiler^ with a cock 
within easy reach of the engine driver, "Wlien tli© Bteam m 
tm^ned on, it issnes violently out of a oii^ular opetiing and 
Bti»ikea the lim of a bell-shaped piece of brass (its edge 
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circidar opening), mtili £^ 
eient force to mk^ 
the wliistle te&nl * 
at a verj long dis- 
tance. The pnn- 
cijtle 18 simply tliis: 
— Wlicn tb© handle 
H ia turned, the 
steam coming irm 
tLe boiler parses np 
S Pj mid out all 
round the edge of 
3 9 tlirough the 6t- 
cmlar opening c Cj 
then impinging mth 
great force upon the 
edge of s' s* it sets it 
Tibrating, the vibra- 
tions communicata 
tlieir motion totlo 
STEAM wnisTLE. aiT and moidd it iii' 

to a series of sonorous wavea, giving ua a High note of so shrill 
m pitch that it can be heard at m veiy coiif^idei^able diBtimoc. 

There are generally t^s^o Tvbistles — the dinil one for 
oi'dinaiy piiri>ose% and a deep-toned one to attract tbe 
g!iard*a attention* It is usual noAv to arrange the gimrd'a 
whistle, so that both the didyer anrl guai-d can sound it. 
The cord that nins along from one carnage to another ia iii 
connf^etion with this whistle, and if the passenger pull tliis 
conl he will sound the deep-toiie<l wliistle. 

By comparing the steam whistle we have just ex|>kiiittl 
with the next two, it will be seen that no difference in 
principle exists between the first used and those with modem 
improvements attached. Tlio left hand one ia a Bectioml 
view of the iirst locomotive whittle ever used. It wua 
made in 1835; the right hiuid one is a section of the first 
Bteam whistle ever employed, which was at the Bowlais Inin 
Works ia 1833, where it is supposed to have been inventtxl 
by Williani Stephens, a working man. It wdl \m obserx^c^ 
that the jsteam is meyle ^ ^oaa vonnd a tapering fiumd mth 
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I wide moiitili upwards, and as it comes out it is com- 
lUetl to impinge upon tlie edge of an inverted holloa 
linden Experience hm given a thinner edgQ to the upj>er 
rt or cylinder. 




STEAM WHraixEg. 

275. Pressure Gauges, — Tko reader is refeired back to 
e gauges used in the marine steam engine^ as d^crihed on 

But we would add a few rcmaife to these. The general 
e of the stf^m gauge haa not onl j given additional seenrity 

tlie working of all steam engines ; but, seizing as a guide 
the enginemen^ it has been the means of effecting a eon- 
lerahie saving of fuel, by enabling them to maintain the 
oper pressure "without, as in old times, letting the steam 
^roualy escape at the safety valvea. Engine drivers once 
Id it to be a good sign that thoy were properly attending 

their fires when the safety valves were continuously 
iiriug, and Pe Pambour estimated th© total steam loat on. 
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the Liverpool and MandieBter Bailway, hj this blowing off 
at the safety valves, as one-quai-tcr of the whole etsim 
generarted, 

When steam ig raified, the safety valve fixedj and the fire 
nnder the boilei-, the pr^sure and temperature incrense very 
mpicllj, hence the neeessitj for continual watcbfulness, U 
sea what pressure the gauges indicate, and to asceitam 
whether the safety valves are properly acting. In some ex- 
jmrinienta made -with a locomotive boilerj the preaaui-e being 
at 32 |>oiinds, and temperature 133J^C,, and the fire kept as 
i^gular as possihlej in threo minutes the pressure was 44| 
poimdfl, tempemtm^ 14:1J^°C-; in tkreo minutes more, prefr 
sui'e was 57;| pounds, temperatui'^ 149'^C, ; in three miniitcs 
more, 74 1 pounds, temperatmio 155|; or in nine minutes the 
Id-essm^ increased from 32 to 74| pounds, or much mora 
tJian double ita pressure—a most astonishing increaae* This 
■svill, perhaps, expliiin a few boiler explosions that have hap* 
pened while engines were stationaiy. 

276. A Fusible Plug is screwed into the crown of the fire 
box {for description, see pa^e 143). These plugs ai^ no* 
fthvays to he relied on, as they sometlmea become encnmted 
and do not operate j but, 'ft'ith a praperly kept boiler, tbfj 
are a useful precaution against a^Kjidenta. 
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Water Tanks— Water Craaea— Petsd Rtmp— Giffard^a Injoctoi^ 
Gauga Cock— Cflasa Water Gauge — Screw riuga — f^eum Ct)dw 
^Elow-off Cocks— Heating €ock«^ 

277. Water,— The boiler of a locomotive engine is 611e<] 
so that the water stands a few inches above the top of tiie 
tire box. It is admitted to the boiler bj means of puntpa 
and ball v£dves, or bv Giffard'a injector, 

S78. Water Tanks. — Walls, or small buildings of suV 
etsmtial nm^somy, stipporting a large tank for T?rater, Rrt' 
ffmertdlj aeea by ^^ icilOk.^ ^t ^ Tailway station; they 



supply the engine witK water. Water tanks are usually 
rectangulai', from five to nine feet deep. They are, at tlie 
bottom, at the leaat, twelve feet above the level of tbe rails, 
BO tliat there ia constantly a suflicient pressure of water to 
fiU tbe tmid^ quickly. Tanks are either filletl by allowing 
tbe water to run jjito them firom a higher level, or by 
pumping up the water by meaua of au engine from a lower 
levels TliiB in the general plan when the enginoj boiler, 
pumps, etc,, ai'e boused under the tank. The water tanJca 
are made of boiler-plate b'on, and supported by cast-irou 
beams running in a row under each seam of the tank. 
They are also xuade of cast-iron, supported by castriron 
beams across tlie tank from side to side. The engines pre- 
ferred for the pui^ose are v^tictd^ and the pumjia double- 
acting. 

S79. Water Crane. — The water ia drawn from the tank 
at the bottom, and paasea through a cast-iron pipe to the 
y^(M^ crmiB. It is iilowed to piiss into the moutli of this 
ll^t-iron pipe by a valve which baa the fidcmm of its 
^&er on the side of the tank, the valve k lifted for the dis- 
charge of water by a chain hanging down outside within 
reach* 

Fig. L 13 a water crane of the usual construction. A E is 
tbe swing pipe^ balanced on a vertical pivot at C, within the 
cast iixjn cohunn C B; it will, therefore, swing round into 
any position convenient for filling the tender with tcatei\ H 
is a leather hose at the extremity of the swing pipe for the 
convenience of the engineman. E is a shiit-off screw valve, 
to allow the water to iiass up the colimin D C when the 
handle is tiu-ned, and to stop tbe supply when sufficient has 
been delivei^ into the tender; tbe valve e is screwed np 
ivben water can pass from W. It will be seen that itd 
fiction ia exceedingly simple. Water pa^^sing fixtm the tank 
I by way of the pipe W is allowed to i-un tbrough tbe valve e 
by turning the handle at the top of tbe shut-off screw E, it 
then goea upwards through D C, along C A, and into tbo 
tender by H, B is a weight to count erpoiao that of A C, so 
that no midue sti-ain comes on the vertical pivot C; also, by 
I its momentum, it assists in turning the ai»m A C. It wiU 

rijd at C tluit tie pivot Jias a bra^a \iearui^i V^v^jL\\va^ ^a 
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he fitted with csonsidemble care. F P la a fire place, so tkt 
ill 'Winter the cohimn Cftn he warmed tmd the water uutepJii 
or pt^voiitt^d fi-om fi-ef zing; the pi^ducts of combustion puia 
out through a niimher of small apertures provided for tk 

— I 







yrATEB CRAHl! (1). 

purpose at L. K ia a pillar fountain, from which water ( 
he taken, hy tiiming the htrndle at the top, for cleansing s 
other purposes; *m hose can he attached to it lor the cofl^I 
venieuce of watering and cleaning. 

The ivall tmUr crane 13 simpier in its details than i^ I 
one just deacribed, but not always so well adapted for ity 
purpose, as it makes no provh^ion for the extreme oolfl*^ 
winter. It swings at the bottom A on a bracket bolted fc 
tlie wall, and at the top B it is supported hy the myi^jl 
pipe D C, into which it is pivoted. The engine driver pulf* I 
the handle H, when, hy means of lever C, a sluice v?dvu<i| 
pnsihed hat:k witMii fi, when the water runs along 
supply pipe JD Oj ami mVo W^ wm^ y^^., m, befoHJ, ' 
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meter through the leather hose at the extremity of the 
Y pipe. The tank is seen in its proper position. 




WALL WATER CRANE (2). 

lO. Peed Pumps. — The feed is either supplied by 
/rd^8 injectors, fixed to the fire box, and of which a 
iption has been already given, or else by an ordinary 
le-acting pump worked off the crosshead of the piston- 
or from one of the eccentrics on the crank axle. When 
former method is adopted, the ram is about 1^ or 2 
38 in diameter ; but in the latter arrangi^msixt tiWt^ssL 
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mxmt necessarily he of greater diameter, atout 4 mclies, as tlo 
stroke U so miicli ahorter. 

The water m kept in the tender T» Tte liandle at A la 
tmrnedj when the plug |j is lifted and ike livniter nma down 





BAIL A^D TEUiriCOPB VALTK OIT TENDEB, 

^ 6 c by gravity. At 5 is a ball and scKket joint, so that ^^ 
pipe b c {this part is generally called " bags") is capble of* 
slight vertical and lateral motion. From t^ to e is a tcleacoii*^ 
joint, which admits of a longitudinal motion in and out i* 
is tJiuH tliat all tbe moliQiia qI ^Va ^toin. are provided fc*'* 
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liat tlia joint is rendered water tight. At c it is screwed 
le pipe leading to the engine and boiler. This tube 
the water to W in the next figure, which gives us two 
J of the feed pump, p is the plunger, a side view of 
[i is shown at A. The eye of the plunger rod is fastened 
e crosshead of the piston, but sometimes to the back of 
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eccentric to the eye at G, as seen in ^g, page 279. 
plunger is very small, not more than 2 inches in dmmeter. 
t moves to the right a vacuum isMt\i^\^^S5t,«sAK5aa 



-water rises through the Talre v ; next, aa It comee Lack; tlifl 
water is forced along the delivery pi]K; from v to v'\ throiigii 
the ball valves v' mid v'', into the boiler at B. The object of 
the third valve at t^'^ is to prevent the pressure of the Bteiini 
from forcing the water bsijk iipon the other Vidves. Tlie 
lift of the valves is very Buiall, not more than ^ to ^^ of an 
inch* Above e^ch valve is a giiai'd to keep it down to its 
seat ; for, if allowed to rise too high, the force of concusaon 
wouLd be sufficiently great to destroy the valve seating, When 
no feed is r^qtdred the water la shut off at the tender. These 
feed pumps only work when the engine ia mo-^ing. Some- 
times it may be noticed that engines are running backwaiila 
and forwards a short distance near a railway station. It is 
that water may be pumped into the boiler. When Giflknl's 
injector is jBitted, there is no necessity for this. It was a 
custom to fit a small donkey pum| 
for the purpose of forcing wati 

II ^ li pi^j^ into the boiler when the en^ 

I ^ y was stationaiy. The capacity d 

/— ^ l ^ the pump, i.e,j the area of the 

plunger or ram, multiplied by tJifl 
lengfii of tto stroke, should b« 
from yV to ^\c of the contents of the 
cylinder, Each pump or injector 
should be capable, singly, of keep 
ing up the feed. Two are fitted 
in case one should be disabled. 

281, Gauge Cocks,— TV^ea tlta 
boiler is fii-st filled with water, it 
is made to stiind a few inches 
aliove the fire box. In order U 
know when the water is at tbtt 
proper height in the boder, tbew 
are lixed in the back or side of 
the fire box two brass ga«|fl 
cocks. One is a few inches above^ 
and the other as mncb helow^ the 
„__ „,_ proper level of the -water in tie 

GLASS WATER GiUOE. { .f mi_ i -i^l 

boUen The cocks are conneCT^ 
with a glaaa tube, Oae ^'kd^ iorvKa^i^ ^k-ai QUaa Wattf 
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Oauge. Both cocks are kept open in comiDumcation with 
the boileiv so that the water ctm freely pass through the 
t^ottom cock into tlie glass tube, and the steam as fi-^eely^ 
through the top one. The water mthin the gange has thi 
the same level as that in the hoilerj and the diivcr has onl; 
to look at the glass to see the height of the water in tin 
^Der, When the feed pumps are at w^ork, he watches it 
till there is a sufficient supply in the boiler, and afterwards 
te him to notice that it does not get too low through the 
e^^aporation of the water. In addition to this there are fitted 
three gaitg^ cocks at the back or side of tlie fire box at difierent 
teigbts, between the extreme limits admissible for the water 
l^vel* By trying these cocks snccessiveJy, the engineman can 
judge, according as steam or water issne from them, at what 
iieigbt the w^ater stands in the boiler. 

W is the water in the boUer, w L is the water IcTel. The 
'Vvater passing from the boiler enters at a\ and stands the 
s^mie height in A B, the glass water gatige. The handles H 
and Hj when turned, allow water or steam to issue from 
the boiler^ and clean the gauge out. It is the duty of the 
engineman to turn these handles now and then, for fear the 
gauge may be choked at a^ or a\ or at B and A. 

282. Bcrew Plugs. — To facilitate the Avashiug out of the 
fcoiler, a screw plugj about 2 inches in diameter and slightly 
tapered, should be fitted at each comer of the fire box, with 
aa large sqnaie heads as the plugs will admit, to bear the 
^trauia of the sci^w key. The plugs shonld be of haixl ^J 
brass, and thi-eads cut to a fine pitch, to give them a good ^H 
}iold on the metal ; sometimes a lining plate ia inserted at ^ 
the comer to inci'ease the bold of the plug, and reduce the 
liability to leakage, 

383. Scum Cock. — This cock is fixed on the back of the 
fire box at the ordinary w^ater level, with l^ inch copjper pijje, 
canied down below the foot plate, to diaw off the impuritiea 
which rise to the surfaee of the water, and which, whilst there, 
frequently canse the boiler to prime. 

284. Blow-off Cock is also fixed at the back or side of 
the fire box, but at the level of, or as near as piucticable to, 
the iTUg at the bottom of the water space between the in- 
ternal and external fiie boxes, and h for the puiiiose of 



blowing the '^ater out of tKe boiler when reqtili^ed. IDiere 
are two otker cocks fitted to all locomotive boilera^ vk, tk 
blower eknd tbe warming cock ; the former being conncdwl 
by a pipe with the chimnej, for the piirpose of getting up 
the Bteam rapidlj, the latter for warming the feed water in 
the tender. It is generally opened while the engine ia 
Btationaiy, when by Biiitablo pipes the steam passes to the 
tender, where it heats the water instead of blowing off ta 
waste* This praetioe was adopted in the very earliest days 
of locomotive engin Bering. It is also a common pi-actice to 
heat the water by other methods before it enters the boilerH; 
in fact, this should always be done.* 

285, Warmiag Cocks. — Wanning cocks are employed to 
let any surplus steam pass into the tender to heat the water. 
They ai-e fixed near the top of the lire box, and are coiv 
nected with the feed pij^es by an inch copper pipe. In tauk 
engines the pipe goea directly into the tank. 
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Tho Cylindtira— Water Cocka — Grease CqckB—Pifitrtn vmd Tiston* 
Hod — Collecting Eod and Craiik^CoupUng Rod — Strap Gib 
and Cotter — Sector — Driving Wheel Tire — Coimterweight to 
Wheeb^^JJ^and Cocks— Axle Boxes — Springs, BnfTers, and Bufijef 
Springs— Brakoa — Draw Bar, 

38S. The Cylinders of locomotives are generally pluoeJ 
immediately Ijeneath the smoke boxj where all condeniation 
from external cold is cntb-ely prerented. Sometimes thfiy 
are fixed on the outside of the eiigino, Buch engines rec«ii^^ 
big the name of Outside dylindor Engines, In early !o<s>' 
motives the cylinder was placed vc^icaily. The hori£0Bti>l 
cylinder was finally adopted about 1830, It is unneceasaif 
to enter into the details of the cylinder. The Btadent is 
iTsfeiTed to what has been said concerning those of land aiw 
marine eDgines generally^ as the arrangement is the eauA 

* For u raethod ot can^mii oraA t\iia vka^ we Article en OamM^^ 
Feed Winter Heater, 



f ooiirs© they are Made of good hard cast-iron- Sometimes, 
^m tke weight and friction of tte piston, there la a tendency 

groove. They axe generally couatmcted bo that both the 
p and bottom of the cylinder may be renioveth The piston- 
d works through a stuffing box and gluid in the ordinary 
aimer. It is always usual to allow one-quiu:ter of an inchj 

less, clearance at both ends of the stroke. 

In Plate III*, the cylinder is seen at O with its piston R 
le piston-rod is p r, and two guide blocka ai*e at G, which 
OTe backwards and forwards between the guide or motion 
^118 g g. Tbo piston crosshead is also at G. Into the guide 
ocks comes the end of the connecting rod en C C is the 
ank moved roimd hy the connecting rodj and canyingwith 

the axle A X, and with it the driving wheel D W, it iB 
e eccentric, and E E the eocenti-ic rod working the slide 
^ 8 r, which in its ttini giv^ the reciprocating rectilinear 
>tion to the elide s. The slide # is ^eeii in front of the 
^j the bottom poit being open to the eidiaust and the 
per to the steam. The piston is just going to coJiimenee 

stroke to the left The manner in which the connecting 
I is attached to the crosshead of the piston and to the 
Jik is explained by the illustration, axm the axlo of an 
Unary leading wheel v^w; the part marked a is the journaL 

387. Water CoekB, Drain CookB, Belief Cocke, or 
linder Pet Cocks. — Two drain cocks are fixed to each 
inder, one at each end, and at the lowest part, to relieve 
^ <^linder from any water that roay arise fi-om condensa- 
ti of steam or priming. They shonld he opened just before 
Itting, iifter the engine has been standing still, to get rid 
any water that may have become condensed irhije waitingi 
3By are worked by rods and levers from tlio footpkte, 
E&etimea, often after repairs, the ^ater is gi'easy, and until 
m properly got rid of the engine will often piime, hence the 
tie of these i-elief cocks. 

388. Grease Cocks.— A greaae cock is fixed on to each 
Inder; it conmiiinicates with the slide valve and luhricntes 
I |art of the ttdlow, as the slide move a baekwaids and 
^arJa, enters the cylinder and luhricatea it also. It is 
lemlly fixed on the Viil%^e-jacket, so that the slide valve 
1 cylindor aro lubricated as well. 
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289. Piston and Pisttm-Hod- — The axysshead Is tt^ part id 
-wljieh the lailher end of the piston-rod is fltteil, to this alw 
in jittached the connecting rod, the crossheads move in guidea 
or between motion bars, Tvkich. are two or four jMirullel hire. 

Pistons for locomotives are fitted and packed in Jim^ 
varioiiB ways. The piston-rods ai« made of steel or iron, | 
while the piston itself is of cast-iron or brags ; brass is tlie i 
better substance, because it is lighter and does not so wsMf 
break ; some makers foi^ the rod and piston in one piece. 
The top of the ])iston-rod is fastened by a cutter into a stx-ket 
with jaws ; G is the socket, the jaws are a little to the rif^lit 
and left of G; the whole is named tha piston c^p* Be- 
tween and into the jaws cornea the small end of the pistm- 
rod pr, which is kept in its place by the pin of the cross- 
head ; the two ends of this pin are fastened into two biwb, 
which move in guides or motion bars, to preserv^e the jmml- 
lelism of the piston-rod. The pin of the croashead is seen 
running under G, wMIe the ^de^ are mai*ked ^ and g, and 
$he two guide blocks may be observed above and below G 
M the end of the guide biw-s. The piston-rod works steaid^ 
tight through the cylinder cover ; between P and sb jb 
a short tube cast on the cylinder, with an opening a little 
larger than the diameter of the pistou-rodj tins is called tlie 
stulBng box, the gland is the part close io s b. The piston- 
rod being iix its place, the stuffing box is iii-st iillcd with 
hemp soaked in melte^l tallow, or else with other packing; 
the gland is then brought down on to it and sci^wed forcihly 
against the packing, bo as to press it tightly against tlie 
piston-ix)d. ^Vhenever any sliding I'od has to work into a 
space filled w^ith steam, or with water nnder pressure, a 
similar method is adopted to prevent any escape at the sidfl 
of the i\)d. 

" The maximum economical speed of the piston has not 
been ascertained, but it aj>pears that, with a high speed of 
piston^ small diiving wheels and light engines are preferable 
to the veiy large ones which are now fraqueutly seen. Small 
wheeled engines have been found to start a train moi^rapidlyp 
and to draw it with gi-e^tter i^gulaiity of TOotion, than engines 
with from 6i feet to 8 feet driving wheels." 
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CYLINDERS, STEAM PIPE, 
BLAST PIPE, ETC. 



JOR of th^ conneetiriff rod and cranky tlie rectilinear motion 
a piston ia converted into a circular motion, Tlie con- 
Qg rod is c r, crank C C^ and axle A X (Plate III*), 
k move the driving wiieel D W. Tlie cnink, or rather tho 
^ — for there are two, as there are two cylinders and 
na— ai-e Ibi^ged on tlie axles of the dilving wheels. The 
[3 are placed at light angles to each other ; only one ia 
in the figure, the other half is pi-^isel j similar to A Xj 
,he crank is at right angles to C C. In our xUustT^tion 
5 lying hori^ontallyj so that when the iiiston P attempts 
JVC to the left, it will only pnll the crank in a stiuight 

as it w^ere^ and cannot move it, hence we see the 
sity for two cmnks ; the one not shown, being at right 
s to G C, is just in that position where the piston will 
the greatest effect npon it j hence the driving wheel can 
LOved, which could not happen if the engine stojiped 
ly aa secix in the figure, and thera wero only one crank. 

an axle as we have here is called a cranked axle^ ajid 
ide of wi*ought-iron or steel. It must be undei-stood 
what precedes, that when one piston is at the end of ita 
e the othe? is in the middle- 
L View of Fire Bos, etc.— In Plate lY,, G C ai^ tho 

of tho two cylinders, SP the steam pipe, BP the 

pipe. 

2- Coupling Rod.^A couplbig rod ia veiy similar in 
rm to a connecting rod, hut it is not so large or he^ivy, 
F50 is for coupling the driving wheels to the leading or 
ng wheels, or both, wlion of coui^e the wheels must all 
f the same diameter^ as in the aise of gootls engines* 




attached to cranks fixed on tho outer ends of the 
[or else to cTank pins inserted in the ajms of tho wheels 
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— ^the former method applies to engines with outaide 
and the latter to those ^'ith inside bearing^, TIiEy 
always outside the wheels. Generally they are made 
anda fargttl in one piece, and the cuttei-B so ~ 

pi*eserve their length constant as the bushes wear, 
cup ia ahgwii in the figure; it is forged on and has a 
tube in the centix*, in which to insert the wiek to lubris 
the bearing. 

293. Btrap, Gib, and Cutter.— The ends of the count 
rod are not, m it were, part of the rod^ but are built 
upon the end of the rod itaeJf, 

Let Tia take the annexed illustrationj T«rhich is the Bmalk 
end of a connecting rod ; a aa a is tlie end of the rod ^^ 

a hole in it; first upoE the 
end are placed the twa 
bj-asses 1 and 2, in which 
a circular hole ia left 
for the crosshead pm to 
pass through; roimdtli?( 
whole is placed the atrap 
as; then into tLe liolfl 
Is plaeed the t^ib g g (m 
this case we have twfl 
^h%,ggimdggy, tli^ 
the €UUsr or kty c c ii 
diiven in tightly, so 
that the -wrbol© is held 
firmly together. 8oiin> 
times c ia alejo held in its 
r^*^^ place by a screw and nut 

smAP, Gin, AKi> cuTTEB, 294* Driving Wlieel. 

swALLXR ENB Qv coKNECfTENG ROD. —The whecls attsdjed t« 
the crank axle are called the di'iving wheels; the front pair of 
wheels of the engines, ai-e called the lenxling wheels; and tic 
hind wheels, or tJioee close to the fire box, the trailing wheels. 
They ai*e nearly always made of wrought-iron, and are kept 
upon the rails by a flange formed on the tire. The driving 
wheels in passenger engines aa-e always made large, to increaa^ 
the speed, and the power of the engine mnst be increased ia 
Wic same ;'atioj buli m goo^ ext^taa ^iis'j ^i-^ not m la^r 
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consist of foTir or mora coupled together by coupliag 
Tlie olrject in employing coupletl driving i^lieels is 
rply to distribute the gn^t weight necessary for adhesion, 
gi*eat tractive force is to be cxei'ted at moderate speed, 
ill as with a gooda engine. The wear of wheels amoimts 
bout the twelfth of an inch per annum with wraught-ii'on 
3. A good idea of a locomotive wheel can be obtained 
nefening to the following figures* 

A^ 




ruLn 



B.VLLfSVIN'a *' HALP-CBAKK, " 




ntrNn^M a cp^akk. 



\mh are made upon various syatems, the object of all 

to give strength to the tims a.nd prevent wear. The 

aro not cjrliiidrical, ie.^ thejr iiave not the inner and. 



outer edge botli tLe same diameter, "but are made aliglitly 
coui<3tLl, wliicli plan keeps tke carriage in tlie centre of the 
x-ailway, and the flanges do not come in contact with the miU 
nnltisa under exceptional circumfitanoea ; in fact, conical wheeU 
iittve a Belf-adjusting action, wliicli preserves tlie catriagea in 
tlieir proper positioii on the raila* Again, if the wheels be 
tbrawn into such a position that one flange is close agamst 
the outer or large cui-ved rail, the ^^^heels being conical, a 
larger circumference of the outer wheel will move on the rail 
than on tlie smaller wheel (for we must recollect that tlie 
wheel only rests on. one jjoijit), consequently the larger whfd 
-vviJl (juickly restore the carnage to its proper position* 

295. The Tire is a distinct pait of the wheel, composed of 
a ring of metal, either wrouglit-iron or steel, wl:ich is ahmiik 
on to the w^hcel, and fmtlier secured to tlie rim by bolts or 
rivets. It forms the conical part of the wheel and the fiange, 
When worn, they are re-tm^ned in the lathe to a tnie surfaccp 
This is requii^d after an engine has been running from nine 
to twelve months. The tires, wlien new, ai-e usnally about 
2 1 or 2 1 inches thick, and are not allowed to be worn donii 
to less than 1|^ to IJ inches. 

In each of the above wKeela the tire ia seen at the top an4 
bottomi Avith the flange formed on one Bide. Hei-e we heit 
two methods differing from tlia ordinary one of forging tho 
criinlt on the axle. In Baldwin's half -crank, we seo a snnplo 
and cheap way of forming the crank. In the second essimjJe, 
or Duuham's cnink, while w^e have the same position of the 
crank wrist, the crank is completed by adding the second anu, 
or cheek, tliia cheek being bedded in the caBt-iroii driving 
wheel itself. 

S96. Counterweights to Wheels* — The momentmn odh 
piston-rod^ guide blocks, connecting rodj etc.^ is very gpritt; 
this has to be coimterbalanced hy the applimtion of » 
weiglit to tke wheeh These weighty are put into the rin» of 
the wheels between the spokes. If the student will notieo 
the driving wheels of a locomotive, he will see the hziliUW?(J 
weight pai-tially filling up the space between three or foaf 
of the spokes. This weiglit depends upon the speed atwhi^ 
the engine is intended to run, and the weight of the inoviii| 
paits } with the ei^me-mak'esT ^tfcia'ii^ %, m^V^^ '^^ Mi<^ oajc^ 
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m- Seven-eightliE of the -whole disturbing weiglLt h 
pred -with oiitsido cyKnder engines^ and for inside cylinder 
e-fourths- Counterbalancing is done to give the engine 
nter stability on the rails. It is said that engines, without 
iterbalancingj -will not attain the speed they will when 
iterbalancedj the resistance being greater* They must be 
ciently heavy, not only to balance the crank and 
lecting rod, but the piston and its appendages, 
97* Saud Cock. — To every engine there is a small sand 
f fitted either on the top of the tank, in front of tho 
ne on tho b^iffcr beam, or by the side of the footplate. 
K>nnection with it is a small pipe from 1^ to 2 inches in 
neter, loading to within two inches of tho rail in front 
>oth driving wheels, or in front of the whole if con- 
ned by coupUng rods. The cocks are opened in slippery 
ump weather, when tho engine is starting, to assist tho 
lela in biting ibe rails, so that they may not run l^^uIld 
lout giving motion to the engine. The engine being 
J started they are closed. Whenever the vrheels begin 
slip, the cocks are opened till the nuisance is abated; 
are, as occaaiou niiiy require, brought into use on 





98. Axle BoxeSp^Tho ivheela axe fixed securely upoa 

r axles, which involve in boxes, upon which the weight 

IB boiler and macMaery is carried through stout springs, 

ajJe boxes can rise and fall freelVi ma &r oa t^ba 
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springfl Trill pennit. The axle boxes ar© guklerl vertiMtllj W 
suitable guides or cade guards, Tho part of the axle wMch 
revolves in contact with tho axle box is called the journal. 
When the joivmala are inside the wheels they are called inade 
bea^ingH, and when out&ide the wheels outside bearmgB. 
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A IS tlie joimial (p, 273), thewKolo weiglit rests on tlie spring, 
of which p is tlie spring pin, therefora the weight of the engine 
rests on the top of the axlo (and wheel) from a to 6; c di^ 
hollowj although sometimes a spongo, or some cotton waste^ ia 
laid in to soak up the oil or grease. In the cross section it is 
seen more clearly, where the weight rests upon the axle. 

29 9t Springs* — The weight of the engine, boiler, etc, is 
Buataiued by springs resting upon the axle boxes. They aro 
formed of eteel plates from three-eightlis to half-an-lnch in 
thickness, of a number propoiiioned to the wciglit they 
have to crn'ry. Each spring of tlio driving axle has often to 
carry from four to six tonsj. The plates aro connected at the 
centre, and elide on each other at their extremities. If we 
examine the spring A (p. 274), we shall notice a rod proceeding 
fi'om the centre of the spring s' to the top of the axle box at 
a. The middle of the spring thus rests upon the axle box. 
At p and p aro two eyes, the ends of the spring pass into the 
jaws of a bridle at p and p^ and tlirough them passes a pin to 
keep the spring firm at p and p^ Sometimes, as in figure B, the 
springs are placed below the framing, when tho weight of 
the engine la made to rest upon the ends of the springs. In 
figures A, B the weight of the engine is carried by the springs 




« ^, the framing F P resting on the spring pms p p, the springs 
then baar up the weights. Tlioy are fastened to tW fl(3t\B\i'^ss.\iL 
figure P hx meana of a pin passing tKroii^ t\^ia e^^ dl ^ 
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strap a i*ound tlie rnidtUe of the sprm^. In tlie upper fipre 
b b are the born plates, or axle g\iards, of wrougM-ironi 
formmg pirt of tli« frame of the engiiie. They form a gmihj 
with tie caat-u'on. slides riyeted on to the wronglit-iroii 
hom plate, for the axle box to move up and down in^ as tlifl 
springs give way to tlio weight and jerks of the tiuin. Th^ 
attain of the engine and carriages comes on the horn plate. 

This 13 another method of an^anging the spring:— A 
transverse spring is attached to tlie framing at H, and 
can-iea the weight on its centm. The ends of the spring «* rest- 
ing on the top of the axle boxes at S and S. Their use b to 
iieceive the jerks, oscillations, etc., as the engine nms, so 
that tke motion of the engine may be smooth, just as tta 
know, and can feel, the dLffei^nee between riding in a cart and 
a carriage, so the springs act in keeping the engine, etc., still 
300. Buffers and Buffer Springs,— EnflTers ai-o to receive 
any sudden shock or stiuinj bo as to give tho passengera as 
little shook as possible. 

A B is bolted to the 
buffer beam j within C D 
are four or more cushions 
of India-nibber, or ladia- 
t iiibber springs, 1, 2, 3, 4, 
sepai'ated from each 
other by ^ iron pktea, 
all of which will adimt 
of lateral motion. The 
bar a b passes through all the plates and India-mbber springs. 
When a shock is received by the buffer E, the springs a» 
compressed and the bar runs up A B, but it is sometinies 
arranged to drive from right to left. Steel springs «»« 
frequently employed as India-rubber. 

Here we see the an^angement of the drai& bar and spmg 
for a caiTiage. At H are the India-rubber springSj L is tbe 
which the caniage is atta ched. The pidl of ^ 

^ carriage acta on « an^ 

draws the bar towaidi 

L, so that the spriup 

are compressed. 

For bulfipg and inx^r ^^m^^TSissa^ tiads h^Tc b«a ^ 
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ployeJ- Iiidiarrubl)er springs are formed of circular discs, 
the buffing and draw-rods running tkiTtugli them; helical 
and spiral springs, made of steel, and rods acting upon ordi- 
nary steel Bprings, arc also used. 

301. Draw Bar with Springs.— The draw bar with 
epiings is fitted to engine to receive and take up sudden 
Blioeks and strains^ 







mikW BAH WITH SPErNOS. 

h is a crook or Look^ to which the canHa^cs arc couple 
on ; aaa is the draw har^ chicllj shown b^ dotted lines ; 
h* b are two steel s^jrings j df and e are two transverse pieces 
of tlie frame, firmly fijced at the same constant distance ; e is 
the buffer beam ; c is a cutter to bring up the sprmg b\ 
wkile the sprijig h is brouglit up by rf, a waaher close apfainst 
a nut, as seen in tho figuro. The action is tliis, if a pulKng 
strain comes upon tlie draw har^ then the spring 6' acts, and 
is compressed by the cutter c ; at the same time^ the washer 
d cjompresses the spring fe, thus assisting b' to countemct the 
strain. The traction spring or draw bar modifies the force 
of sudden snatches by the engine, which are liable to snap 
the couplings between the carriages. A i>lan adopted to 
resist the strain on caniages, is for the two biifiei^s to act 
each on the end of an ordLnaiy carriage spring, say from 
left to right, while the draw bar, to which the carriage is 
couple<l, acts on ifcs centre from right to left. 

302. Brakes. — Brakes are employed to bring the train to 
a standstill. They are generally worked by the fireman, 
although there ai-e brtdie vans with brakes woiked by the 
guards as auxiliaries. 

Suppose the handle H pulled to the left (by ^ ^■EQ'^\^tliRia. 
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the lover E h drawn towaitla tlie left, and ^th it tlie \m 
A B. As A goc3 to the left, tbe ai-ra A C jams the brake ff 
agiiinst the wheel, while the sii-m B jama K' against the otheif 
wheel, when, fi-iction preventing tlie revohitions of the wIm 
the train is brought to a sUmd^till- 



BHAICES. 

The brake, which ia essentially a scnov and lever aj> 
pjimtns, is generally of uiMjught-iron, except the part which 
euibraees the wheels, which ia of woocL Sometimes two or 
more sledges slide on the rail imder the engine. The power 
developetl by the scrcw and levers is enormous, reaching m 
nnich aa 500 : 1, so thei^fore if a man turn the screw with the 
force of half a hundred weight, it acts upon the whec^ls with 
a foixie of more than twelve tons. It does not do to make the 
leverage excessively great, because the force coming on tJie 
frame of the engine, it is liable to ho wrenched* The bailie 
must be adapted to bea-r such extra strains. To save th« 
fnime, the force should be thrown on the levers as much as 
possible, and not on the screw, or the screw should be coarBe 
in its thi-eadj and have a ishort handle, 

A brake used on the Koi-th London E ail way is a very 
good one, bringing the train to a standstill ia a very short 
distance, " To each vehicle two paii^ of pendulous brake 
bloclcB are hung in the usual way. The hralte is w^orked by 
a A inch chain, carried on sheaves along the centre of ths 
train, united by coviplmg \\ooka fti eaK:\\ oaxrvft.^. In the 
contiv of each carriage tbe cltiam\k'A"n^^ 5i<a^3ra.\vi£&^l<^^.ia^sh 
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aBcl passes under two pulleys attached to pulling rods fitted 
to the bltsck hangers, When the chain is tightened, the 
Qf^ntre pulleys are raised, and the blocks pulled on the 
Tvheela with a collective ion^e of about 3 tons for etich 
Tehicle, When the chain is slackened, tho pulleys, asEisted 
by n back weighty descend by gi-avitj to their normal posi- 
ti on J and free the brake blocks. The chain is tightened from 
either end of the ti-ain by meaais of two transverse axles, 
diiven by steel-faced Mction wheels 20 inches in diameter, 
sci-ewed by manual power against the van wheels. The 
momentum of the van is thiis made to retard the whole of 
the train » and is so poweiful that a train of eight vehicles 
can stop the largest engine under fuU steam." 
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SLIDE TALV^ AXD COilBUSTION, 

!plienaon*a Link Motion— Secftor — Single EcceTitrie — Slide Valve 
and its MQti{>n^Teniperature of Furnace Gasca—Trao emitting 
Power of Metivls— Coke aud Coal Buramg in Locomotiveg— Air 
Bequired for Combustion — Steam Blow Pipe — Bcattie's Fire Box 
— Conclusions on Oomhiuition. 

303. 8tepheiisoii*s Link Motion.— The advantage of this 




STEPSEirsON's LUrX MOTION". 



Contrivance is, tliat the engine caa he revei^sod without any 
more trouble than is enttiiled by moYing a handk. It cou- 



fiists of two eCGentncs H and G, each haviDg its own rod 
€ E and A D. When tlie foi-ward eccentric worts ihfl 
glides, the en^ne goes fonv^ard ; when the bitckward eccen- 
tric works thern, it is revei-scid* Dl^ in named the link, 
and it ia moTcd tip or down by the lever D E D, a k ihe 
elide rod attached to the block p. The link moUon is not 
used to work the steam exjjansively ; it merely alters tbfl 
travel of the slide, when tlie engine moves slowly or qiiic%. 
It reTerBea the engine by revex-sing the travel of the slides, 

To obtain the greatly vaiying power rt^qnired in the loco- 
motive at different tunes, it is necessary to be able to vaiy 
the times at which the steam shall be cut olf fitam tks 
cylinder. This is effected by the link motiort, which coa- 
eists merely of two eccentrieSj its has been already eipkiiied 
(page 70), 

304, Single Eccentric. — The single eccentric, which is 
loose on the shaft, acts on the same principle as the double 
eccentric with the slot link. With the double eccentiia 
and link, one eccentric only works the valves at a time, or 
acts on the slide vtdve spindle. The Bingle eccentric is 
iitted with a weight to balance it, to keep it steady on iti 
atop. Were it not so, it woidd come away from the stop oa 
the shaft. Were no weight fitted, when the centre of the 
eccentric and centre of the shaft came in a straight line 
with the Yolve spindle, it would have a tendency to pass too 
qnickly over the centre, and cjinae a knock or back lush at 
every stroke. 

805* Sector. — ^The sector is in the fonn of a sector of a 
circle^ and is an adjunct to the link motion. In it is a series 
of notches to hold the I'e versing handle. When the loco- 
motive is started, the handle is dropped into full throw, or 
into the fiui^hest notch. By doing tkb, the forward eccen- 
t|io at once works the slides, or the eocentric rod comes 
direct on to the valve spindle, and all the strength of tlie 
steam is at once given to the piston, WTien the engine is 
fairiy under way, the handle is braught back a notch or so 
to economize the steam. There are about five notches from 
the centre down, or ten altogether. The nearer the i-evt?iv 
ing handle is to the centre of the sector, the less steanj k 
itsed 
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306. Slide Valve and its Motion.— The maimer in irliich 

the steam is admitted to aad i-eleased from the cylinder, and 
the poLiita of the stroke at in^hich. the events take place, can 
he varied in thi-ee ways ; (1) By altering the foi-ni of the 
Talve ; (2) hy variation in the valve genr which drives the 
valve ; (3) hy altering the relative proportions of the con- 
necting rod and oi'ank. 

307. Action of the Single Ecaentrio and the Slide 

Valve. — The annexed Ls the ft>na of valve generally employed. 
It is called a locomotive or " three-poj-ted " Blide. 

A and A are the steam ports or passages, hy which the 
steam enters the cylinder, B is the exhaust port, by which 
the communication ia kept up with the exhaust pip4j j C 




are termed the bars or hridgiis. In the position shown in 
the figure, the valve m at half-stroke, and the parts D of 
the valve, extending at each end beyond the poiisj, is teimed 
the outmde lap or outside cover; and the pai-t E, or the 
distanoe the inner edge extends beyond the ports A A, 13 
called tTiside lap or cover. 

Should the valve extend only to the dotted lines on ite 
inside, it would not entirely cover the ports at half-stroke 
on the inside, but leaves them both jMirtly open to the 
exhaust. This is called hisuie charances. Lead has already 
been sufficiently illustrated on page 118. 

When a slide is driven by a single eccentric, its motion is 
a compound of two othei'S * {1) Of that given by the centre of 
the eccentric moving round that of the crank shaft ; (2) 
this -motion is retarded and accelerated by the Tarying 
iacliuatioii of the eccentric rod* As the eccentric is nothing 
but a crank, we can determine the various positions of the 
ilide in relation to such a motion as a oi'ank will give. 
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The maimer m wMcli the position of the piBtoii is b- 
fluenced by tho action of the connecting rod, 
is showti hj our figure, in which are repre- 
sented the relative positions occupied by iiio 
cresshead and ciimk, at nine points in a 
half i^e volution of the crank shaft. In tMs 
diagram the length of tlie crank ia taken at 
12 inches, and that of the connecting rod at 6 
feet. The short line a, numboiied 1 to 9 on tho 
upper side of the centre line, represent tho 
positions of the crosshead con'cs]:>oiKling to tLe 
ainiilarly numhei^d positions of the crank. 
The other lines below the centre line, letterttl 
a to if show the places the crosahead would 
occupy if tho connecting rod were of infinite 
length ; and the spaces into which these lines 
divide the stroke of course agree with tho 
spaces into which the diameter, kl, is divided 
by the ordi nates drawn to it from the points 
denoting the jjosition of the crank pin. This 
diagram at once shows that if tho crank shaft 
rotates in the du'ection of the arrow, from k 
to If the motion of the piston willj duiing the 
iii-st half of the stix>ke, be retarded by the 
action of the connecting itid, w^hile during tho 
latter half it will be correspondingly acceler- 
ated. The effect of this is, that, during the 
whole of the stroke from the crank shaft, th© 
piston is tn axrear of the position which it 
would occupy if the connecting rod were of in- 
finite length; whilst, during the stroke towards 
the crank shaft, it is correspondingly in ad- 
vance of such position. In the example before 
us, the piston travels 10 99 inches, while the 
crank moves from position 1 to that marked 
5, and 13 01 inches as it rotates from 5 to 9. 
308^ General Principles.~The slide valves 
admit and release tlxe steam. By the fop, 
means aro provided for the suppression of the 
before the end o£ tks atiQ^Sj &ii\ ^Os^a ^ejsK^vdyElc is go 



mt tliat ^e Talvea ehall open before the commencement of 
tke stroke, and thus release the steam before that peiiod. It 
is usual also to give a certain iimount of lead to the valvej 
in order that the steam may he prom]>tl7 admitted, and the 
port opening he vnd& enough as the piston advimces to 
allow the pressure to he well anstamed. The Amount of 
this varies with the speed of piston at which it is intended 
the engine shall work, also to a certaia extent with the 
opinions of engineci-s, ^ inch being the usual amount in this 
country, and ^ inch, or oven as little as ^ inch, in Americii. 
In some cases a small amount of inside lap is given for 
tho purpose of pi^ venting the escape of steam too eaily 
in the stroke ; in other GiseSj inside lead is adopted in 
order that the steam may have a freer escape- The foimer 
Tff-ould be Buitahle for goods engines exerting large tractive 
f ^rce at slow speeds, and the latter for express engines work- 
ing at a high ajjeed of piston. The amount of either is rarely 
over i inch at the most 

309. Motion of the Slide — Contmned. — By these five 
figures we wish to show the relation between the tmvel of 
the slide and the path of the centre of the eccentiic pulley. 
The motion of the eccentric is here communicated to the 
valve through a rocking shaft. This was the old method ; it 
h now customary to attach the eccentric rod directly to the 
slot link, which is brought down or up to the end of the valve 
spindle. 

*^ In figure 1, the piston is shown at the commencement of 
its stroke by the amount due to the angular advance of its 
eccentric, which, as there is no outside lead, corresponds in 
this instance to a movement of the valve, equal to the lap, 
which is here -^^th of an inch. At the same time the steam 
passage, communicating with the end of the cylinder farthest 
from the piston, is imcovered to the exhanst by the amount 
of the inside lead, which^ aa there is no inside kp, is also 
^^th of an inch. Here the centre of the cmnk is seen in a 
jxjsition at right angles to the piston rod and below it. In 
fig. 2, the crank has jierformed one-eighth of a i-e volution, 
and both the steam ports are partially open, the one for the 
admission of steam and the other for its egress. The centre 
of the eocentric has moved on in the Bam.e ^icii^^vm^\ ^s^ 
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noticB in every case tliat the crank moves on in a^vFmce d 
the eccentiic, whicJi is the very reverse of what would Uk 
place if there were no rocking shaftr In alJ casos now tbe 
crank of the slide rod is in advance of the lai^^r crank. In 
la^g. Bf oiie-fouith of a revolution has been accompliahedj ntiil 
both ports are fully imcovercd. In fig. 4, the crank having 
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made three-eighths of a revolution, the ports are again pai'tiaDj 
dosed, the vnlvB ha^^ng assumed a position almost aimOar to 
that which it occupied in fig, 2. In &g, 5, tliG piston hai 
reached t^ie end of its stroke^ and the steam port, which Im 
hitherto been receiving ate^icn, la \rQRS5N^x^ 
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on tliG exJmust Bide, the other ateam port being entirely 
closed." 

310. Temperature of Furnace Gases. — The heat tmiiB- 
mitted hy a solid body from a hotter medium to a colder one, 
is in dii^ct proportion to the difference of the temperature of 
the two. The evaporation by any given heating suiface will 
therefore be increasetl as the temperature of the furnace gasea 
inci^eaaeg. Henee ifc is that coke in stipei-ior to coal, for its 
products of combustion come off at a higlier tempei-atui-e tJian 
those of wootl or ooaL In this matter we must consider the 
boiler tem^>erature as the lower. It is not a fact that the 
greater the pressure of steam the less the evaporative power 
of the boiler, for the ^fases in this case simply escape at a 
higher tempemture^ and the preaanre has nothing to do with 
the tmnsmission of heat. 

311. Time of Contact.— The tmnaiuiasion of heat is not 
alone directly propoi-tional to the extent of hmting ^irfam 
and the temperature of tlie/itrnace gases ^ but aLso to the time 

contact and the co^ulucting poiaer of the ^oltd metal hi mn- 

In a locomotive, as the gases run along the tubes their 

perature rapidly diminishes ; small tubes with the blast 

make tlie gases move rapidly, with, larger ones tliey move more 

I slowly in inverse pTOpoi-tion. Products of combustion always 

I take the nearest and shoi-test way to the chimney. Hence 

many different arrangements ai'e adopted to keep these gasea 

Lin contact with the heating siirfeoe, as inclining the fire box 

kj^ tubes, making the distance gi'eater from the back of the 

He bos to the tubes, than from the front pait of the grate to 

Fthe tubes. In this latter an-angement the great bulk of the 

air, being di*awn in at the front end of the grate, would pass 

I through the lowest row of tubes, because it is the shoi-test 

route, and here meets with least iiesistance. The grate is 

inclined towards the front of the :fire box ; to countemot thm 

hj equalising the distance, nioi-e fuel is thrown on the front 

of tlie grate, for the air, entering at the front to pass through, 

is thus retanle(J. 

312. Speciflc Heat TranBmitting Power.— We have to 
consider {1) the way in which the boiler plates and tubes 
-receive the heat i (2) the conducting powers of the jjietal ; 
(3) tha @»iiaBi<m of beat by the meUh 



I^et A ^ tlie ahBorUng tmU, or the beat absorbed by ona 
sqnai-e incb of boiler surface per minute in a locomotive- 
Let B = the unit of conductinff power , or the heat tm^ 
mitted through the boiler sui-fk^e on a square inch |ier 
minute through the thiekness of one inch. 

Let C == the etmsdoTi unity or the quantity of heat 
given np by one Bquare iodi per minute to the w^teL* m 
contact. 

Let i - thickness of the pkto ; then Mrliile A and C w^ 
remain constant, B must be divided by (, for the quantity of 
heat ti-ansmitted or conducted by the inetal is inversely pro- 
portional to the thicknesa of the boiler plate, 

Suppose the beat within the fire box to be given off in con- 
stant quantities, the plate will soon come to a stationary 
temperature, and all the heat absorbed by it will be instantly 
transmitted to the water, when the foUowitig eqimtioa iviil 
exist ; — 

, A =: — - - = H (say total keat transmitted), 
Taking the recipi-ocals 
— ' ' ^ ^ * = J. ^ ^ 

■ A S a S 
. I . t ,1 _^ 



i 4- i + ^ 

A B ^ 



This equation shows three things \ — 

{«) That the heat-tmnsmitting power of a boiler plut« 
increases with the heat absorbing, conducting, and emitting 
power, {b) and decreases with its thicknesa, (o) but the heat 
trausmitttng power is not inverselif proportional to the thick- 
neas of the plate. 

In practice, it is not the thickness of the metal that is cf 
importance in the conduction of heat, but the heat traiiBiQitr 
ting capahilitm of the mtrface. The boiler plates beoomo 
coated with rust or oxide of ii-on and soot on one dde, and 
Bcales on the other; these lessen the absorbing and emitting 
power of the boiler surfaces- Hence it is that thick pla1« 
mva but little infltieiice, although thin plates with clean 
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gurfacCiS will give the greater evapomtive effect. Again, 

thick boiler plates are objectionable, because thej get hotter 

on tbe OTCitside next the fire thaii inside, lience bura, anti their 

liability to become injured by excessive heating is ^ell known. 

j 313p frausmissioB of Heat, with Decreasing Tempera- 

j ture of the Furnace Gases, or Transmission of Heat in 

. luiea*— 111 showing that 

we 8 



A+ B 



+ C 



we asattmed ^at^ during the time of contact, the tem- 
perature of the furnace gaaeg remained constant. This con- 
dition only e^osta over very small areaa of the boiler plate, 
in tubes aa tlid giisea pass aJoDg, we must consider that the 
temperature diminisheg, 



m^ 



m.^ 






Let tHs represent a boiter tube surroimded with water, 
and through which the gases pass. 

Let us suppose nm is a very small Boetion taken at any 
particular place. 

Let G = the quantity of gaa in jxiunds passing m n per 
minute. 

Let t - the temperature of the gasoa at m n above the 
water in the boiler, which depends upon the diatanee of mn 
from A. 

Let X = the distance from m n to vi^ n^. 

After passing through the small space nm^^ the gases 
irill have lost a certain amount of heat, which will be in 
proportion to the length of mm^ and the difference between 
the temperatura of the gases and T^ater, 

Stippoae we take for the unit of absorption, the heat 
which would be absorbed on one inch in length in ono 
minute from gases 1*^ hotter than the surrounding water. 

Then the heat absorbed by the small space « m^ is 
H,* = aj t {tinits of nbaorption). 
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Let tho gases po^ tliroitgL tlie next Btnall space n^ m^=tt 
tlien since the loss of temperiitm'« is proportionate to the 
distance tLey tmvel, tKey eater n^ 7U^ with a temyieratim} 
^1= t-t3& ^ t (l-ar) .\ limt taken by •second leu^'Ui ^'ii\ 
be etiiiivaletit to 

Ha = {i-xt) X — tx^x^ ti and 
it - ti - H,j 
*\ ^a — ^-i'C-^^ + a;*i 

= 1(1 -a;)' 
= teanperatutts when it entera at awa «a* 

In the third length we ahall have 

* H, = ^ (1-33^)1 =|(^^2e^ + !») 

Hence wo sec tho law for the decrease of tempemture aa 
the giises paaa aloiig the tubes : the teinperature fklis in a 
geometnc ratio. In passing throngh tJie fh^stj second, ilml 
vUi., nnit of lengthy the temperature falls in proportion tfl 
l-«r; (l-a;)=^j (l-a:)^etG. 

These numbei^s are represented by liyperbolie logmtluiis, 
thus :^ 

Jjot j;„ — unit of length from front €nd ot the tube. 
„ i„ = tliQ t-BDipcratnre of the gagea above the ivattr, ksi 

the malt of absorption* 
J, jeIb = whole length of tube ^ L 
J, *„ = temperatm^ of Bmoke byx* 

Then since 

Log-,*2 = S* = i- 

Log, ^,, T^L K log.(/*« 

314, Coke and Coal Burning in Locomotives.— It is 
usual to employ coke in locomotiy*^«, so that no emoko abaJl 
be praduced. In coal the three elements of importance ia 
combustion are carl»on, hydrogen^ and oxygen. AnthraeiW 
contiiiiiB 9144 per cent, of carbon, 346 of hydrogen, 2 58 of 
oxygen ; the rest is nitrogen, sulphtirj and ash, Good 
average coal containa 73*52 per cent* of carbon, B'^^ ot 
hydrogen, and G48 of oxygen ; the rest as above, ash» et^- 



57*3 per cent. A timclred pounds of coal will give ont 
more than a million units of heat, but the pi-oducts of com- 
buation carry awaj nearly one quarter of tbis^ and reqim*e 
24 6 1 lbs. of oxygen for tkeir coneimiptionj or about IOCS J 
lbs, of atraospberic air ; but as all the air cannot be made to 
give up the whole of its oxygen, the eupply required is 
about 1355^ lbs. The total eva}>oratiYe power of this 100 
lbs. of coal is S5S !bg. of water. We have, in a fonnerpagej 
given a similar estimate. The student must carefuDj con- 
aider the two, and notice where they agree, and how they 
differ. Both estimates are ttiken from leading authorities. 

315* A Pound of Good Coal will in practice evaporate 
7'4 lbs. of water, and its beat is distributed in the following 
manner : — 

7400 units or 62 '2 per cent, go to form steam. 

2172 „ 18-3 „ are wasted witk producta of combustion. 

2375 „ 19-5 „ su^w^te. 



11SM7 „ 100 

It is calculated that the combustion of a pound of coke 
produces 14,000 units of heat, and requires 2| lbs. of oxygen, 
or 12 lbs. of atmospheric ah', or 160 cubic feet, for ita com- 
plete combustion The 160 cubic feet become 200 in pmc- 
tice, and theoretically the pound of coke should evaporato 
12*16 lbs. of water. 

316. One Poand of Coke- — In pmctlce the greatest evap- 
orative power of a pound of coke is 9 J lbs. of water, and its 
heat is distributed in the following manner : — 

10920 units or 78 per cei^t, go to form steam. 
2Z&5 ,, lti| „ ara lo«t by producta of coinbnuttou, 
715 ,, 5^ ,j are wasted by ashes, eto. 

14O0O „ 100 
Coke has the advantage over coal as a fuel for loeomotivea, 
because the temperature of its products of combustion is 
considerably higher than that of coal in the proportion of 
about 14 ; 12. 

317* Coal Biirnin^. — When coal is burnt m the loco- 
motive fm-nacoj it requii*es that the air eliall be admitted 
in a peculiar manner to perfect the combustion. As soon 
as fresli coal is thrown oa the fircj a gaa m m% frea ^Tak^ 
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wEen mixed with air, bums with a clear bright flame d 
gr^it beating power. It is therefore of importance that this 
gas shall at once havo its duo supply of air at the spot 
Tyhero it is generated, or ebe the draught will dmw it 
through the tubes, and the heating power wiU be lost* The 
air for coalniOEKumiiig locomotives m acbnitted in two ways, 
partly through the grate, and jmi-tly by special coBtdvwioea, 
but the exact quantity depends upon the kind of coal mtd. 
An insufficicjit quantity of air is exhibited by dense black 
emoke issuing from the chimney. With just enough or too 
much air no amoke will come out, ao it requires great care 
and practice, A eecond requisite is necessary for the com- 
plete combustion of coaJ ; tho tempei-ature ahould be suffl- 
ciently high within the fumaco in order to effect the proper 
combination of the oxygen and carbon- In practice^ to 
prevent smoko in locomotives, engine-drivers Jiave chiefly 
relied on the ash pan, the damper, and the firo door, wiA 
careful ^-ing. "They have endeavoured to prevent tha 
formation of smoke by controlling the admission of ail 
throngh the grate, and adjusting it preeisely to the reqnir»- 
ments of the fuel, by aimilaiiy manoeuvring the fire door for 
the admission of air above the fuel, by stoking vdth large 
pieces of coal and deep fires for heavy duty^ and smaller 
coals with shallow fires for lighter duty, by firing more 
frequently to lighten the duty, and at all times by keeping 
the bars covered with fuel to prevent excoBsive lo<ml diuughts 
through the grate/' The fire door shoidd be pitched low ■ 
fresh coal mnst be thrown on under the fire door direcUy 
inside, and, when partly burned, pushed forward towai-ds the 
tubes ; hut when the gi-ates are inclined, it wiR find its way 
down by gi:avitation, and thus with good stoking a very 
efficient system of coal burning may be carried ont. It ia 
the usual practice now not to depend upon the stoking, hut 
to adopt one of these two methods : (1) A current of air is 
introduced through tubular and other openings in the aidts 
of the fire box, and thus uniformly distributed over the 
am-face of the fuel ; (3) a body of air introduced through the 
dooi*way is deflected upon and over the surface of tho f-iiel 
by a baffle plate. Large and spacious fire boxes aro also 
introduced with extendve gnscte ^Mrface* In addition to tho 
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aboYe, a tliird metlio^l 1ms foimd consideraLlQ faTour. It 
may he deacvibed m follows : A steam-induced cmTent of air 
13 made to pass over the mcandescent fuel, tlius air ciirrcuts 
aro admitted just above tbe fuel bj tubes or otbcrwisa 
througb tte sides of the iira box, and am then forcibly 
accelerated by means of jets of steam directed from the 
outside tbrough the openings into and across tbc fire box.* 

S18. Steam Blow Pipe. — The steam blow pipe in a loco- 
motive corresponds to tbe blast pipe in a manne engine* 
All engines that consume coal are fitted with tbe blow x>ipo 
or auxiliary jet in. tbe chimney, to continue tlie dmught 
when the eiig:ine is standing, and to assist in getting up the 
steam when tlie fii^ is fii-st lighted. 

319. Beattle's Coal Consuming Fire Box.--Iii this boiler. 




BBATrrE*S COAL BTTRin^O BOILER. 

desifpicd for tlie use of coal only, tbe lire bost was divided by 
an inclined water partition ijito two compartmonte, eacb 
having its owti door, fire grate, ash pan, and damper. The 
principal iire was maintained in tbe box nearest the foot* 
plate. The gases arising from the coals were met by a great 

* For a further explanationi see chapter on Combustion and the 
Preveutioa o£ Saioko, 



munber of fine streams of air entemg ttroiigh l^e perforate J 
door, and both the gas and air rose tlirougli a grating of fire- 
clay tiles into tlm upper part of the second fii-e box, on the 
grate of ^'hlch coal was burnt only slowly, with a sliglit and 
carefully i^cgnlatecl admissioa of air through the front damper. 
The mingling of air and gasea was further deflected down- 
wards by a hanging water bridge, and passed over a fire-hrick 
arch and thi'ongh a seriea of fii-e-clay tabes into a comhustion 
chamber, from which the boiler tubes led into a smote box; 
moat of the arrangements are seen in the fignre- In these 
furnaces, arrangementa are made for a siillicient admisaion of 
air, for the intimate mLxitiire of the air and gases, and for 
the maintenajice of a high temperature to complete the com- 
bustion of the gases. The grating of fire-clfiy tiles is seen at 
the lower i-iglit hmid aide of the figure, the banging water 
hiidge 19 hanging down from the top of the fire box, the fire- 
brick ai^oh is seen to the left, the comhustion chamber is on 
the right hand of what looks like the ban-el of the boiler, tlie 
entTvince to which is through a series of fire-clay tubes not 
&ho^vai{as they cannot l>e ivithout putting the boOer in section). 

320. Conclusions and Facta on Combustion in LoconKH 
tiveSi — Tho folIoAviiig are tbe practical conclusions as to the 
combustion of coke, coaly and wood in a locomotive furnace:— ^ 

"1- Siiocessful practice requires the complete combustion of 
the carbon and hydrogen available in the fuel. 

" 2. To find the quantity of free cai'hon and hydrogen, it 
is necessary to deduct one part hy weight of hydi-ogeu, or bis 
parts of carbon from the total contents of the fuel for eveiy 
eight paits of oxygen contained in the same. 

" 3. One pound of coke requires abont 200 cubic feet of 
air for combustion : the air may be admitted through IN 
grate only. 

" 4. One pound of eofce is capable of evapomting &-5 ll*s. 
of water at 15'^-|C.; in common practice, its evaporatiTfl 
power is 8 J Iha of water, 

"5. The tempeautm-e produced by the combustion of coke m 
the hottest part of the fire box, may be estimated at 1666'C» 

" 6. The gases produced by the comhystion of coke miff 
1 6i per cent, of tie totaY Wai ^^^^^ti^A ^lA^ ^si «moke hoj^ 
which thej leave at a* tem^ra.\»ux^ ^lii^^^ 
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** 7. The complete coTnbuatioii of coal requires €ie admiBaion 
of air botii througli and above the grate ; the relative propor- 
tion ajid tim total quantity of air admitted in botli ways 
depends upon tbe percentage of gaseous components in tlio 
coal. 

" 8. Insufficient admission of air causes smoke and tlie loss 
of heating effect hj incomplete combustion. A auiiilus of air 
i-educes the tempei-atiire of flame, and causes waste of heat. 

** 9, Tho evaporative duty of coal per pound wciglit 
avei^es about G Iba. of water; in regnlar practice tlio 
maximum being about 8 Ib^. 

"10. The tempera tnre produced by coal ui the fire box m 
lower than that obtained from coke, 

"11. The products of combustion fixjm coal have a higher 
specific heat than those from coke : they carry off a quantity of 
teat equal to 18^3 per cent, of the totsil heat proilucciL Thia 
percentage Taries with the amount of hydrogen in the coal 

*f 12. The combustion of coal must be made as nearly 
umfoim as possible by skilful firing, 

^* 13. Coal, w^hen completely and properly burned in a 
locomotive, affords greater economy^ as comiiarcd with the 
coke protluced from the same, 

** 14, The evaporative power of dry pine wood is in pi'ac- 
tico 2^ lbs. of water, tbe maximimi having been found at 
4 lbs. One poimd of coke is equivalent to 2^ lbs. of wood. 

"15, Tlie tempcratm^o produced by wood is generally le^ia 

than Hire." 
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Tramway— Railroada—CvnTea— How the Carriages are Kept on a 
Curvc^^Eaila — Flah Joint — (iradienta^ Ballast — Cuttings and 
Embankmenta — How Kid la arc Laid — Two Ways^Broad and 
Na^rrow Qjj.uge — To Adapt one Q&\i^G to the other — Fell's Eail- 
way— Tom Tables—Travcrsers— Swttihus aiihi Crossings. 

321. The Tram or Tramway m a roadway consisting of 
long pieces of wood or iron laid dovm in ]^^% ^ud ^te^^tjaj:*^ 




to receiYe tbe wheela of waggons or immB. *rhey were first 
iisecl in the North of Englfind and South WaJes for the con- 
voidenee of canying coals from the month of the pit to 
seapoiij and otker toivntk The way in which thej were 
origLnally formed may he thus desmbed : Fii-st, pieoes of 
oiikj 5 or 6 feet long^ called sleepersf were laid transversely 
ttcrosa the tmck about two feet apart; next, lon^tudiniil 
beams or i-ails, in lengths of 5 or 6 feet, of ejcamoi-e or krrlji 
were laid upon these sleei>erSj and secni*ed to them by wotxl 
pins or ti^nails; next, theiie longitncllnal pieces of wood 
were supplanted by mils formed of wrouglit-iroii plates, next 
cuat-iron luils were uiied. The trams were drawn by horsea. 
Some tramwaya are constructed of hard atonej aa gi-anite, for 
siMs, and flat iron bars laid upon them for rails, A good idea 
of one of the earliest form of rails may be obtained by taking a 
sheet of paper the size of this sheet ; first double down one- 
third of the page longitudinally^ tmn over tho paper and 
double down the other side In a similar maimer ; now stand 
the tAVo pieces peqiendicularly to the middle, one will be 
above and the other beneath. Imagine that the lower one. 
enters the longitudinal i-ail, and the middlo one liea 
on and ia bolted to itj then the wheels of the carriage 
must be supposed to run on, or within, the one staudiag 
perpendicularly, Each part was about three inches wide, 
and of iron one inch or three-quai^ters thicks 

32S. Railroad- — Railroads are improved tramways. TLe 
London and Einniogham Railway is about ZO feet vdih 
on the embankments, and 33 feet in the cuttings; it u 
wider in the eiittmgs, because two dimns are necessary, one 
on each side of the Hue. The average breadth of formatwn 
is 18 feet for a single line, and 2S for a double. Sjmce kii 
to be allowed for fencing and tlitchiag. The width on th* 
narrow gauge lines is 4 feet 8| inchea, as North- Westenii 
South-Western, Eastern Comities, etc., and 7 feet on the 
bi-oad gaugej Great Westei-n, The space between th© two 
lines of rails is 6 feet 6 inches, and is often spoken of as tie 
*^8ix foot way." The sleepei-s are laid trans vei^sely across 
the road at a distance of fixtm three feet to three feet sis indi» 
apart. To the alcepei^ are fixed the chairs, which are castp 
iron suppoi'ts for themk, ^I'^e^TB are fi-eqiTently creosote^, 



now THE CABEIAGES ABE KEPT OIJ A CUETE. 



295 



or else kyajmed, to resist ih© action of the atmosphere, 
iv^aterj etc. On the broad gauge Bystem, the Ime is laid with 
longitudinal &leeperT3 and bridge rails, but the nai'raw gauge 
with cross or transrerse sleepers and double-headed rails ; tEe 
railB in tho former case beLtig seciu*ed directly on to the 
longitiidixLal slcepersj whereas those of the latter are supported 
by cast-iron chau^ secured to the cross sleepers- Longitn- 
dinal sleepera have been tried on ih& narrow gauge isystem, 
Tbnt have not been found to tmswer so well fia the trHnaverse, 
^t least this is the opinion of some experienced engineers. 

Hail ways are single or double. The donhle consist of two 
lines of rails — ^a down Jine and an vp line. The down line 
leads from London, the up Une goes to London. To a 
person looking towards London, the down line is the right 
hand pair of imls, the iip lino the left hand paii*. Single 
lines consist of ti single pair of rails used both for the np and 
down lines . There tiro double lines at intervals to allow one 
ti-ain to pttss another. Lines are constructed on this system 
for cheapness. The lines should be as level and etraight aa 
circnmstances will j^rmit. 

323. Curves should be of m large a Tadius as possible; 
there are but few curves of less thmi three-eighths of a 
niile, or 30 chaius* i-adiug. The exterior rail of the cnrve 
is always elevated^ the generic term is miper^elevated— 
to connteract the centiifugHl force, or otherwise the train 
might leave the raOs. Shai-p curves should never bo on 
steep incUneSj for the tendency to leave tho rails at a curve 
ia as the square of tho speed; as a nde, they should Ijo 
ont in the open where they can bo well seen, and not in 
cuttings. 

334. How the Carriages are Kept on a Curve,— As an 
object moves round in a curve, the centrifngal force has a 
tendency to make it fly off io a straight line. Hence railway 
carriages, in passing curve^j have a tendency to run off the 
line at the outside. To prevent this, and to keep the flanges 
of the wheels from tho i-aib, the larger, or on tor curve, is 
raised higher than tho inside one, so by this means the 
caiTiages ai'e thrown to tho opposite side to that on which 
tho centrifugal force wonld keep them. The enper^levatiou 
of the outer rail and the conical wheel are thns made to 
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balance ^e centrifugal force. On tlie narrow gauge lines, 
witli a wLeel three feet in diameter, no super-elevation meed 
he made, unless tlie curve ha%^e ji less radius tliaa 1400 feet; 
on the broad giuige line, with a four feet diametejed wLed, 
the least radiua that can be used mthout auper-elevation b 
double this. The quicker the trains pass a curve ths greater 
must he the elevation of the outer mil, 

325. Baila*^ — The rails are made in many shapes^ as sem 
by the following figures; all these forms are in use, but 
generally those marked d and c are prefen-ed, Thei*e are many 
other forma as well as these. At ^ ia shown one of tk 
earliest, a phite of iron turned up; the same figure also shows 
tJie difference in ilie arrangement for the x-unning of tJifl 
wheels on the tiamway and i-ailway. At a the purpo^ d 
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one part of the mU is to confine the wheel to the track, ruiJ 
it is evident that much tmctive force might be expended k 
the wheels grating agaiost the mU; but at g^ the niotlem 
arrangement, we see that the wheel is kept on the rail by a 
flange on the wheel. To the sleepers are fixed the chairs, or 
chocks, of cast-iron, into which fit the rails, kept in tkir 
places by ii-on spikes. The ends of the mils ai-e secured to 
each other by ajlsk orjlsh plate j two being used^ one on each 
mde, and Ijolted together by four bolts. 

326. Jointingof Bails: The Tish Joint—The two eiidarf 

any two adjoining rails are not placed close together, but li 

small B]iace is left between for expansion, Tlie joint i^ 

ohvioMdj the weakest ipaYt oi t\is xgiL The fish joinfc j* 

intended to givo it st^\>\lit^. 



Halls ai-e "fished'* hy Imving four holes — a a a a — 
piinclied in them, and then the fish plate F P is fastened oa 
with four bolts J the holes are larger thiin the bolts, to alloiiv^ 
a slight, motion caTiaed by the cliangea of tempertitni-e. The 
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lisbes are mjide of wrought iron, and beai* ag^iiust the top 
and bottom of tho web of the rail, as Been in the section at 
b and b^ Close to each fish, on eithar Bide, are two chairs, 
and C, firmly bolted to the sleepers S B. The fi,^h joint in 
found to answer bo well that its use is extending rapidly. 

327. Chair, Sleeper, aud Bail.— The following simjilo 
figm^e will show how the rail r m fixed ia the chair c c, hy 




CliAia, SjLEEFEB, AMTX BAIL, 

means of the wedge a; it also shows the manner in which 
the flange t of the wheel W clears the chair without touching 
it, and how it runs on smoothly and evenly without the 
chair offering any resistance or obstruction, 

328^ Gradieilte should not exceed one foot lise in a »uGtf/ 
feet length, although thei-e are gradients double this^ or that 
lise two feet in aixty. Gradients are very expensive, tis extra 
power, which means fuel, time, and labour, is required to 
ascend them. When very steep, stationary engines are em- 
ployed to haul up the trains; GradienU ^ik'crai'i t^^V^^^^^ 
prmcticahle, on. each side towardB a a^jsAiou, %RSt NJ^^^jcl *^^ 
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weiglit or gravity of tlio tniin will assist tlie trakes m 
brin^g it to a standstiU, wMle, when leELving, sueli m 
eii-angemetit will Lclp to set iJjo train moving. On long in- 
clines there are occasionally level spaces^ or benches, to assist 
the ascending and check the descending train. It is Jwt 
allowable to place a station on an incline. m 

32 9< Ballast* — Ailer the railway is cut, and embaakme^B 
made, the road ia covered with broken hai'd EtonoB^ fiint, di^ 
gnxvel, etc. J called bidlaat, upon this the slee|>era are MtL 
The baUust serves two purposes, it allows all water to dram 
away, and so the sleepers are kept dry • it also keeps ttem 
firm and steady. 

330. Cuttings and Embankments, — ^To save expense, thft 
Bides of a cntting should be as steep as possible, for then leas 
earth is moved, but this can scarcely ever be done ; no generaJ 
nile can be given as to what slo]>e should be used, every- 
thing dei>ends ui3on the strata that is being cut thi-ough, and 
not alone upon the to|i strata, but the bottom strata liJivo 
frequently to bo considered. Most kinds of hard rock 
will stand vorticaDyj chalk requires a slope of one in three, 
sand and gravel three feet in two, clay two to one; but ihtre 
are very great exceptions to every rule. The most trouble^ 
some cuttings are where soft clay or wet soft strata, come 
under othora that are harder and diier, the soft and wet give 
way, or else the others slip over theni, thus giving an eMT 
mous amount of trouble, and adding to the expense of ilie 
permanent way. 

331* How the Eaila are Laid.— Two plans, ahmdy mm- 
tioned, are followed in laying down mils:-^(l) That irith 
longitudinal Bleejjei-s, which gives a continuous bearing; (2) 
that with tiunsverse sleepers, in which the sleepers are h^^ 
about three feet apart, and the rails supported on chairs. 

(1) The. ConlinuQus BBaring. — Here the mils are hrmlj 
seeing to long baidks of timber laid in pamllel lines^ ea^li 
line inclines a little towards the middle* They ai^ kept at 
the proper distance apart by transverse pieces of timber, the 
ends of which are let into the baulks^ and then secured by 
angle plates or wrought-iron knee stnips. Sometimes tbcase 
ie^fl^i'tudinal sleepers are Md tjxi trAaaverse or cross sleepei^ 
and thuB the, advantages ^ ^i^t\ ^^^^isia ^^ ^s^^ee^^ ~ 
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(2) Tim Transverse Sleeper Bearing. — ^This Is tEe sjetein 
Jiat has been most generally adojitetL Sleepei-s of good 
ftixjBg timlver, twelve feet long and six or eight inches thick, 
^i-operlj prep&red (see p^e 294), aro laid at intervala of 
kbout thre© feet or three feet six ; on each sleei>er is securely 
is:ed two chuira at tho proper distance, in which the rails are 
iinily fti^*gteiied, and so kept in their places steadily, and at 
I continuously equtd distance, Fomicrly, where stone was 
ilentiful, lai-ge hlocks of stone were uKed to hx the chairs 
to, and thus suppoi-t the niila. 
^ 332. Broad and Karrow Gauge* — The brmd gauge has 

Eijiatance of seven feet between the two rails on which 
e carriages ruitj %vhile the naixow gauge rails are 4 feet 
8^ inches apart, 

^^333, To Adapt Broad iJauge to Narrow Gauge*— Great 
iaterniption and expense are entailed thi-ough niilwaya 
l)eing of a different gauge. Instead of paasengeiB and goods 
In hulk being conveyed irom tho stiirting i>lace to their 
destination in the same caiTiag^, much trouble and cost 
are incurred in changing from one line of rails to another, 
6o much is this inconvenience felt, that gradually on tho 
&reat Western and other lines a third line of mils is being 
aid down, so that the inner line of rail and the third serve 
br tho narrow gauge caniages, 

334. Fell Eailway,— Tho progi-ess of railway locoiootion 
las compelled engineei-s to turn their attention to steep 
^adients, and how best to drive an engine and its carnage?^ 
Lp and down steep inclines. Practically, wb have returned 
o Blenkinaop^a rail rack. The first plan proposed was to 
La-ve a middle rail up the steep incline and a pair of wheeh* 
ai vertical axes gripping the i-ail on each side, and whicb, 
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:>y their forcible revolution, would caiTy np the tram ^4ier9 
ho ordinary driving wheels would dip without effect. Mr, 
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Fell, flsr tbe Mount Cenia Kailwaj, patented a locomotive 
with ItttriKontal c^linde^-s and two pdi* of coupled giippia.; 
^^ — ^ — -1^ wheels driven direct without the iater- 

^ I, vontion of berel wheels^ -the coimectiiig 

rods that turn the giipping wheels work- 
ing in a homontal plane. Powerfol 
springs pi'esa the gi^ipping wheels agaiaS^ 
the centre mil. 

W and W are the wheels of tte engine, 
B. the middle rail, A and B the griiipin^ 
wheels, a and a' their axes, 

335, Turn Tables^^Tum tables m 
useful and necessary adjuncts to a te^ 
mijial station, especially wken it ia re- 
membered that every engine upon cooi- 
ploting a joumej ban to be turned roujiti; 
for the engine ba^ to drag the train of 
pasBengers andface any danger first Turn 
tables are divided into two classes: (!) 
Those employed to tnm the engine tad 
Its tender, which of course must be firm 
and strong, and are generally turned hj 
gearing or hydraidic force; (2) tliostJ 
employed for reversing carriages, which 
are not so sti-ong, and si's woiied bj 
hand. 

In the annexed iigtrre we Lave a sec- 
tion of a turn table. T T ia the floor 
for ciin-ying the rails, and on wH^ 
the engine or carriage stands that liai 
to be reversed, a the pivot, and ww? 
the wheels or r oilers on which the whole 
tumsj and by which it runs round, a 
carries the centre of the floor, and W tf 
carry the outside circumfereiice ; Tfff 
at'O stay rods to bind the whole together, 
A . ..J and to give strength and stabihty to 

TkTRN TABLE. the stnicture. M is the sole or soli 
plate, resting on a solid foundation; the sole plate and the 
whe^h receive th© w\y^e y^^\^^ q^ the turn table and wha** 
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eTer is placed on it. C repi^esents solid masonry. Tunj tables 
B.te required to be strong and steadj, and to work ynth little 
friction, Tliej are constmcted partly of tmst-iron, and partly 
iof wrought. In some an-angonienta tlie wheels ww run ainii- 
Jarly to common i-ailway carnage wheels. The whole is 
bedded on some solid foimdation, snch as stone or brickwork. 
Turn tables for engines and tenders Lave many wheels or 
K)llers, and are made exceediogly strongs. They iaje turned by 
gearing attached to one of the rollers. The I'oUer path 
frequently consiats of an ordinary flat-footed rail inverted^ bo 
^ to present its upper table jis a beaBer to the roUei^s. 
' 336. Traversera.— By means of a travei-aer, a cari-iage can 
\\m taken tiii-eetly across a station from the side of one 
'platform to thitt of the other. Tbe traverser is a convenient 
and cheap substitute for the turn table, consisting of a low 
flat table which runa on a line of raik laid ti-ansvcrsely to 
the lines of railway. It is fitted with a line of rail a on 
itself, the raila overhanging at the sides, and are pkced 
as low as jiossible, so as to just clear the fixed lines, 
"When a caniage is run on to the top of a ti'averser, a 
|»rocess which is rendered easy by the aid of short incliae 
planes attached to the ends Qf the table, it is then i*iin or 
traversed over any number of lines of raOs, and then nni 
©if and deposited on another line. The wheels of- traversers 
ftre phiced in paii-a, one a little behind the other, to enable the 
'traverser to paas the gaps in the traverse rails without shocks. 
I 337, Switehes and CrossingB. — Switches and crofesings, 
'«r, as they are more commonly te lined ^ points and crossiuffif, 
are used for the purpose of alio whig the tiains to jkiss or 
'cross over from pne line of rails to the other- Several 
diffei^nt methods have been devised for doing this. One of 
'the simplest plans, and that moat frequently adopted, is to 
lay down a short line of i-ails connectiog the other tsvo, and 
ithus establishing the desired communication. It is, how- 
!%*er, necessaiy to have ready and expeLlitioua means of con- 
ecting and disconnecting this shoit line with the main line, 
according as it is intended that the trains shall leave or con* 
tiuue upon the latter ; this is effected by the contrivance 
ptermed a swlUh^ which is shown in our figure. 

a h and c d are portioua of the raO of the nmin line, and 
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e/and g h portions of ilie s^liort line trancliing^ fk>ui it. AlH 
these ]mi-ts ai*e iimnovably fixed in tJie ordinary mnti!i£r^ 
i^dtli tie exception of tlie two rails /i and k I These^ ifiiidli 
are termed the tongues of tke switti or points, ai^ oni y iiittl 
at one of their ends /and k, on which they tui-n as centres; 
the other ends are ta[)ered awaj to nearly a jKjint, a aligtji 
recess Iseing sometimes ctit in the other liaes, as at i and M 
into which they fit, The^e tongues are connected togetljer 
by a bar mn q^ by means of which they are preseiTeJ Kt 
such a distance apart, that when either tongue is in m- 
tact with the luil near it, the other shall he i^moved fi^ja 
the one opposite a sufficient space to allow the en^oflfj 




enniage Tarheels to pass between. (Stippoae the trmn** 
come iu the dii^<jtion of the ariMDW.) In oixler to keepiJ* 
train on the main line, or to leave tlie same and enter ^ 
branch line, it only becomes necessaiy to move tlie ^ 
mno. When 7iino^ or the bar which moves the swiPf 
is in the position as shown at A^ the caniages will leavoti* 
main Hne ] but if s]}ifted iuto the position shown at E, '^ 
they will continue on their coui-se along the main hne, ^ 
wiU assist the student to nnderstand what has been siiiMi 
he win consider that the flange of tlie wheel bears agttW 
the inside of the i-ail. It is usual to have the poiatfl^l 
aiTanged that they 4ii*o kept in the position sho^Ti iitl 
(wbere the main line is not intemipted) by a self- 
%v^eightj the attendance of a pointsman being neci 
move them iiito the position A, if it is desimble th 
train, shovdd go ofl:' the main line. Two guard mils, p q 
?**^ are employed to ^xeNeuX W^ %iy^^% of tho wlieela b^ 
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iking against tlie pcint where the two lin^ intersect eaoli 
ler at L 
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BIVISION Tit 
THl INDlCATOa AND DIAGSA!!, 



□liajftVa luflicator — Biiagram of IjOcDmotive — Conclusion to be 
Drawn from Diagraina — Exaniplea of Diagrams — Queationa and 
Exammations. 

338- Eiehard's Indicator^ anJ the slide diagrams given 
i the marine engines, must be studied and maatei^d now, 
L what is here said on the non-condensing or high pressure 
agrams of the locomotive, we have supposed the student 
s mastered tho early lesson there given, and that, having 
ttie knowledge of the indicator and ita action, he is now 
spared to studj the locomotive diagram, 
339. Indicator Diagram of the Locomotive, — Tlio action 
the valve in the distiibiition of steiim, as we liave alroadj' 
tted, is regulated hy tliq liipj lead, and tj'avel. When 
5ae ara given^ a diagram wOi show us at what point of 
* stroke the steam is admitted^ cut off, exhausted, and com- 
posed or shut in. When the link motion is iitted, the 
^m is cut off earlier hy shoi'temiig the travel of tlie alide, 
l-s is done in such a manner that, however much the travel 
the slide is reduced, the lead is always the same, or at leaafel 
«it fidi gear. With the shifting link, it is a little more, 
ten the travel is sliortened, not only is the steam cut at 
earlier point of the stroke, hut it is exhausted eai^lier, 
lotted eai4ier, and the exhaust port is closed earlier 
Hng the retiUTi stroke. Thus shortening the travel of 
^ slide causes everything connected mth tlie distribution 
i?team to be done earlier, 

J^'o, 1 was taken with tlio shifting link in full gear in the 
Bt notch of the sector, No, 2 in the secsond notch, etc. 
Taking No. 1 firat, we must nnderstand that the poH 
gan to open for the admission of steam at the point A, 
out ^ of an inch before the liegiiming of the steam stroke, 
3 line nmi up instantaneonslj to B in time to commence 



the std^m stroke at the fall pi'essiire* While the pencil 
nins from B to C the steam ie at a contmuoua pressure of 
38 Ihs,, as ihown by the scale at the side. At the steMi 
IB suppressed or cut ofi', and wliilo the piatoa moves the per- 
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III dies of stroke. 

pendicular distance between C and D {4i inches), the enclosed 
steam expands behind it, rapidly decreasing in presanre, M 
indicated hy the falling lino C to D. At D, when the piston 
has yet to travel the pei-pendicular dist'ince from D to 
G, the port is opened to the exhaust, ie., it is opened 
when the piston has yet to travel thrGe inches, the pressure 
therefore qidckly deci^eases, asj shown hy the falling line 
from D to E. Duiing the retuin stroke, the steum continuea 
to exhaust into the atmosphere, and the atmospheric line 
E ^ is ti-aced ; but ortlinarily the diagram seldom coinades 
with the Hne, as we have it here, for there is a certain 
amount of hack pressm-e. Wlien the piston gets to F, 
withift three inches of the end of the return stroke, the 
exhaust port is closed, and the piston continuing its motioni 
the cushioning takes place, and tlae pressure of the pcat-up 
steam increases, as shown by the rising curve F to A ; whm 
at A the steam is re-admittodj and the c^arve traced again. 
We may, following the suggestion of Mr. Colbum, adopt tlie 
follo^ving terms ^id points of distinction : — 

A is the point of admission of the steam. 

B to C is the period of admission of the steam, 

C IB the ^<nnt oi ^"^^ o^ ^^^ m^^^^ms^-^ 
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► D k the period of expansion- 

\ the poitii of exhaust or release. 
E ia tlie period of exhaust during the steam Btroke* 

; the point of compression* 

I F iB the period of exhaust during the return stroke, 
le poi-tion of the stroke described while A B is traced 
1© period of pre-admiasion, or during which the had ia 
ng etfeet, 

ixo portion hetweea F and A is the period of compression 
ishioning, 

bo same definitions apply to all four diagrams^ taken 
, four different notches of the socfcor. 
) By considering the diagrams hei-e given, it is ohTious 
the sooner the port is closed to the admi^ion of eteam, 
woner it is opened to the cxhauiit, be well as the exhaust 
pying less time, and also the sooner it is opened to 
it steam. 

') Although eveiy change takes place earlier, there ib loss 
rence in the positions of the pointa of exhtiust, cusliion- 
and admission thaji in the cut off. Therefore the peiiod 
Imission being shorter, the peiiod of exjiansion is lunger. 
) By shifting the link motioiij the steam may he cut off 
om ^ to ^ of the stroke. 

) When we increase the expansion, though the exhaust 
s place eai'lier, it never commences within the first half 
le stroke. 

) The peiiod of cuabioningj increasiug as the EulmissioD. 
duced, amounts to one-half the stroke at mid gear. 
) That the lead increases from 1 to 10 per cent, in pasa- 
ixjm full gear to mid gear, 

it the student carefully compare these six assertions with 
Uagrams, and not leave the subject until he has mastei-ed 
if when ho will have loamt a really useful lejtison. We 
take two and j^i^e, and try and exphcitly restate them, 
le period of cushioning, increasing as the admission ia 
cod, amounts to one-half the stroke at mid gear. 
L the fii^t notch, the cushioning is from A to P, or meas- 
J fvQin F to O it is 3 inches. With the eeoond notch it 
jeasured by the thickly dotted line at the comer just 
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roekonlng fi-om along tlie atmosplieric line to wliere tba 
line etarta away from it» The ciisMoning is lojiger in ih 
propoition of tlio line A F and the darkly dotted Hne near 
it, or in pi oi>ortioii of Z to 4:^^. Witli tlie tlmd notclij ih 
cu&hiotiing is shown by the fine dot bed imo at the same left 
hand comer, and takes place during 7| inches of the Btrokfl. 
When at mid gear the cushioning is shown hy the lioo 
connnencing at 12, or it takes pkvce duiing tlie last half cf 
the stroke* Thus the cushioning or compreaaian at the 

Inches. 

lat notch : 2nd : 3rd : 4tli : : 3 : 4| : 7| : IC- 
Hhiskrating tho second proposition : ** Although ercry 
change takc-a plaoe earlier, thero is loss difFerenee ia the 
poaitionB of the pomta of exhanst, cu^ihioning, and admission 
than in the cut off TLerofore tho period of admission beinj 
shoi-ter the period of expansion ia longer." The straight 
horizontal lines along the top of tho diagram vary in lengtii, 
that taken with the fii'st notch heing longer th-m tlie 
Bfecond, the second than the third, and so on. *'Tli& 
period of expansion is longer, for from G D iii shorter than tllf^ 
corresponding line on Ko. % and the one on ^o. 2 ia shorter 
than the one on Ko. 3, etc., thei'efoi^ we see tho exjmnsiou 
inoreaseB, AgaiHj as regards the fii-at part of the projwsitiotif 
thei^ is leas difference between tho four poiota correspondmg 
to D on the diagi-ainsj than betweea the four points oarre- 
si>onding to C on tho diiigrams. 

The fLuigrams show that nearly all the time of the eihnnst 
(D E) is employed for the complete evacuation of the steam, 
£ind if this be so for slow sjieedsj it mnst be, in a greater degree, 
tlie case when tl:e piston m running at oi-dinary sjieeds. 

The following diagi'ams were taken when the Gi*eat Britain 
was nmning at a velocity of 55 miles per hour nnder the 
first, third, and fifth notch of the sector. 



Nci. hha, Lba. J^ 

L Mean pressure of steam 80.4, Exhatist U\8, Effective 6i>,fl 

3. .. „ m „ 11.2, ,. mM 

5. „ ., 40.9, „ n.B, „ m4 



^^ Cylinder 18 by 21, driving wlieel S feetj lap 1} indiea* 

I tmyei in fidl gear 4| inches, lead | nach, blast orifice &i 

I mches diametsr, 

■L 



^ 



INDICATOB DIAGRAM OF TEE LOCOMOTIYE. 

TIiQ marks on tkeaa diagranm ehow wliere the steam is cut 
offj and wliere the eshaust commences, Tim diii^'ams prove 
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luclios of stroke. 



mDlCATOlt SIAORAH FEOM OBEAT BRITAIN tOCOMGTIVE. 

tlmt tlie ateiun presauro fiiils vciy gfratlimlly during tho 
exliaustj especially afc iiigh speeds. The moaa pressmtj on 
th© first diagmm, hy examining the scnle and dmwing equidia- 
tnnt lin^, as shown in the case of the marine dia^mm, amonnta 
to 80 ponnda ; now, if we exanxiiae the carve at the bottom^ 
we find that tha pi'eBSiiiti of ateam does not descend to the 
atmospheric pressure, but remains ahovo it, or near the 
bottom line ; by taking the average of th«a© diata^cea fcom. 
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th© line^ th© back preaaure is found to "be 10*8 jK)in»^B| 
leaving an effective pressure of 80*4 - lO'S = B9*6 pounds. 
The loaa yielded by the early exlianst, when the link motion 
IB used, m of no oonsequeiice, for an early cxhausitp at Mg^ 
Bpeed, m essential to a perfect exhaiist duriiig the retok 
stroke^ 



EXERCISES CHIEFLY FROM EXAMINATION PAPEBS. 



Beacri'bo the feed pump and valves neceHsaiy for supplying tlis 
sr of a locomotive. What m the principle of Gifiam s injector 



L 

boiler 1 

2. How is a locomotivo engine royctsed hy the use of a don^l* 
eccentric and link motion. What is the ob|ect of the sector wHli 
notches cut in it, whereby the starting lever can be held in i»lie^ 
mediate poaitiona (1509) ? 

Z. State the leafling features of Stephenson'^a invention of ^ 
locomotive encine and boiler, pointing out the difficnltiea which were 
overcome by thifl constmction (Honours, IE&9} ? 

4^ The boiler of a steam, engine should be strong enough to suppoH 
the pr^sure of steam, the heat of the line sliould not be wu^teu uh' 
neceaaarily, and a sufficient supply of air ahonld be provided for the 
burning of the fueL State particnlarly the manner in whic!i r(W 
would dadpin and set np a boucr so aa to fnltilf as nearly ais possim^^ 
these reqfm^menta (Honours, 1S71)- 

5. Describe the general construction of a locomotive boiler. Wby 
ie tlie fire box made of cop^r ? Mow m it attached to the iron Mi 
which Burroimda it If How h the roof of the lire hoji atreDEthflUB^ 
(1871)^ 

6. Describe, with a sketch, the feed pump of a locomotive hc^- 
What form of valves are nseil, and for what reason (1871) If 

7. What form of packing rings should you prefer for the p^too «f 
a locomotive engine? How aj*e the briiaBCB of the connecting K^ 
tightened (187in 

8. The 6trt>ke of the piston of an engino k 24 inches^ an^I tli« 
diameter of tho ^driving wheel is 8 feet, what is the mean TiJo«f*y 
of the piston when tho liBgine is running at 40 nules an hour (Ibll)? 

At each revolution the wheel goes S x 31416 feet. 
Forty miles per hour is 40 x ifiJO x 3 feet. 

The train moves in feet per mdnata 12.^ 1760x3 

m 

Number of revolutions of wheel per minute = f^^ \cAh 
But in each revolution of the wheel the piston mgv^ 2 x2 ^ 4 It. 
Speed of pUt<m = "^^^^ ^^"^.^ f 

= W^ \b^ ^x mxa^^ I 
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9. How does ft ra-ilroatl differ from & tramroad t Degcribe the 
mathod of supporting rails upoa crosa sleepers, and of joiniiig them 
aectirely {1S71)* 

10. State what you know in. respect o! the arrangement anil con- 
Btruation of aprings for the three dilierent purposes for which they 
are fitted to a passenger carnage, tiz., as bnJTer, draw, and Itearing 
epriiiga (1S71). 

11. Describe the link motion employed in reversing alocomotiya 
en^ne. Ilpra what principle is the power of the engine regulated 
by the position of the starting lever (1871) T 

12. Describe some form of regulation va!ve for admitting steam 
into the pipe leading into the cylinders, Whero U this valve placed 
(1871)? 

13. Describe, with a sketch, the locomotive boiler. Why is the 
fire box made of copper T Why is it essential to discharge the wast© 
stoam up the chimney (1S69)! 

14. Describe the safety valve of a locomotive boiler. Explaaa 
Bom-don'M gauge for ascertaining the exact pressure of the steam ia. n 
holler (13G9)- 

lo* £3 ketch and explain the arrangement of the feed pump and 
valves connected with it, as lit ted to a locomotive boiler (1869). 

16. Describe generally the construction of a railroad. How are 
the tires of the wheels o! the carriagea shaped, and for what 
reason ? Describe the 6sh joint (18G9), 

17. Explain generally the nature of Stephenson'a invention of the 
looomotive engine and boiler. Point out the advantages resulting 
from thia form of construction (18{>y>. 

18. The safety valve on the boifer of a locomotive is held down by 
a lever and spring j sketch the arrangement. A safety valve 4inchea 
in diameter ia eonatmcted so that each pound of additional pressure 
per square inch on the valve correspouils to 1 lb. prosBure on the 
Bprmg, what af e the relative distiuncea of the spring and valve from 
the fulcrum of the lever? After the Valve i3 set, how much addi- 
tional pressure per square inch wiU be necessary in order to lift it 
■gigth of an inch, the spring req[uinng 10 lbs. to extend it 1 inch 
(1871)? Am. 2 :25; '497 lbs. 

19. State the differences in the conBtmction of the driving axle of 
ft locomotive engine when, inside or outside cylinders are employed. 
Mention some of the advantages belonging to either mode of arranging 
the engine (1S71). 

20. In driving a locomotive, if the valve gear were reversed before 
stopping the engine what would occur, and what injury might 
follow (1871)? 

2L Describe generally the locomotive engine and boiler (1S70). 

22. Wlien two equal and parallel cranks are connected by a Imk 
attached to the end of each crank, as in the coupling link which con- 
nects two driving wheels in a locomotive, will the rotation of one 
crank cause the other also to rtjtate ? In what way does this kind of 
c«upUiig accomplish its object (1870) t 

^3. Explain the method of ravonsing n, lot^otHiotlv^i on^e (,1870)« 



24. DoaoriLe the lafety vaJve of a locomotive hoiier, and the nwlhod 
of acljuatiug it no oa ta blow off the steam at tlifl'eitint pressures. 
Explain tb© prmeiplo of any form of steam presfiure gauge whicli jou 
would prefer to use (1870). 

25. ^mxplain the importanco of balancing tlio cmnks in a locomatiTG 
cngino, Tho loatling wheel of an ongino is SJ feet in dfameter, wimt 
would bo the pull on the centre of the wheel caused by an unbalanced 
weight of 9 lbs, upon tho nm, when the enginy waa miming at SO 
miles an hour (1370) ? 

Centrifugal force = (>(►!_) x 9 = 137^5 Ibg* 

D 

V — velocity per second, 

2C. Deacribc tho construction of ii locomotive boiler. How is the 
fire box attachod to the barrel of the boiler ? In what way is tlia 
draught obtained ? In a locomotiro boiler there are 166 tubes, each 
2 iudiea in diameter and 127 inchea long, what amount of hcatiug 
mrta^G do they give (1870) ? Am, 864 4G3(> square feet. 

27, Show with a aketuh the method of tittiiig a safety valve to a 
locomotive boiler. The safety valve is 5 inchea in diameter, aud tli& 
bearing faces are iucliued at 45" to the axia of the valve* "WTiat 
should be the lift in order that the available opening for the escafje 
uf atcam may be i^crtha of a square inch? How do you accoimt 
for the fact that the pres&uiTS in auch a boiler may often rise aixivt 
the amount for whioh the safety valve is adjusted (1870J? 

As the angle is 45^ when raised the hft of the valvia is equal hi 
the breadth of the circular jspaco open. Hence if « ^ diameter of 
part of valve fluah with the opening, we have 

.-. a; ^4-91 

,', liit^= 5-401 = *09inche3» Asis, 

28* Show how you wonld idlow for the weight of the lever in 
adjusting the weight of the aafety valve. 

29, Explain the principle of construction adopted in a locotnetivia 
boHer. How ia the crown of the fire l>ox strengthened (1870) ? 

SO. How much air is required for the combustion of 1 lb. of coke? 
Describe the arrangoments for obtaLuing a suflicieut draught of air in 
a locomotive boiler (Honours^ 1870). 

31, Bcacribo Giilard's injector, and give some explanation of its 
action (Honours, 1871). 

32. Suppose a train of 60 tons ia drawn up an incline of 1 in ICK^ 
and the friction ia 8 lbs. per ton, find the work due to gravity » Mi>' 
tion, and the total power reqiiired to draw tlie train up the indijic. 

If it riaes 1 in 100, the force due to gravity = -— - 

. *. Force due to gtavity on a <M) ton tnaii = jjjo "^ 5 ^^ 
~ ^1344 lbs. 
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Also as friction is 8 lbs. per ton 

force due to friction = 60 x 8 = 480 lbs. 
.•. Force to draw it up the incline = 1344+480 

= 1824 lbs. 

33. With what force would it descend the incline ? 
Force of gravity im^ls the train downwards = 1344 lbs. 

„ „ motion resists this downward motion = 480 lbs. 
. *. There is left 1344 - 480 = 664 lbs. to move it down the incline. 

34. A stationary engine of 40 horse-power is situated on the top of 
an incline rising 1 in 6, what weight would it draw up such an incline 
(disregarding resistance of air) at a velocity of 220 feet per minute? 
A horse exerts a force of 9 lbs. to move a ton on a level road. 

Work of engine per hour = 40 x 33000 x 60 

Rise of incline in a mile = = 880 feet 

6 

Work due to gravity in a mile = tons x 2240 x 880 

= 1971200 X tons (a) 

Work due to friction on a mile = tons x 9 x 5280 

= 47520 X tons {0) 

By adding a and b, 
. •. Total work on a mile = 2018720 x tons 

Now 220 feet per minute = ''^^ !: = miles per hour 

.•. Work to be done in one hour = 2018720 x tons x J^ ^^ - 

= Work of engine per hour 
.-. Tons X 2018720 x ?20x60 ^ ^ ^ ^^^^^ ^ g^ 

6280 
... Tons = 40 X 33000 X 60 X 5280 ^ ^^.gg ^^^^ 

2,018,720 X 220 x 60 
Or thus : 
Work of engine per hour = 40 x 33000 x 60 

Bise* of incline in one mile = —-r- = 880 feet 

6 

Rate of work = ??^g5? miles per hour 



Workduetogravityonatonp. mile=2240x 880= 1971200 ) _oniQ7ort 
„ „ Siction „ „ = 9x5280=47520 5"""^^'^" 

Total work on a ton per hour = 2018720 x 220 x 60 

^ 5280 

. *. Since work on a mile x miles per hour = work of engine 

.-. Total number of tons = ^^^^4^2L^ = 15-69. 
2018720 X 220 X 60 

35. An engine is required to draw 20 tona u^ oai \si<c^xcl^ q1 Qtv.<i.\ss. 



ten^ &i a velocity of SOO feet per minute; snpposmg tlie resistance ^nf 
to friction to btj S lbs, per ton, wliat is tke Iiorae- power of the enginel 

36» An engmo o! CO horae-power drain 100 tons np an incline iie 
tlie rate of l!i milea an liourj what ie the gradient when friction U 
10 Iba. pur ton? Am. 1 in SSi, 

37' iind th© horse-powdir of ^ locomotive e«^e which, runniii^ 
40 miles per hour on a kvel track, drawi a tram weighing 70 tonit 
taking the friction at 8 lbs. per ton, and neglecting the re«Lfttanceof 
the air. 

Distance train moves per minute = — ^^- - — 3520 feet 

60 
Eesistance due to friction ^ 70 x 8 =i 560 lbs. 
^^ . -. Work of friction per minute ~ 3520 x 560, 

^M This must ttquol the horse-power in units of work. 

^m . -. Ilot^e -power X 33000 = 3520 x 560. 

38. Find the horse -power of a locomotive to run 40 miles per 
hour, to draw a train of 70 tona, while ascending a gradieat of 1 in 
500, allowing S Iba. for f^iitioiij and neglecting the resistance of tits 
air. 

From above work of friction per miaute — 3520 x 560, 

„ o „ „ hour ^ 3520 X 54H) X GO 

:^ 118272000 
We next ahow Eow iiio work of ascending the gradient k calcu^ 
lat^^d. 

Bise of indino in a mile — ~~ = 10^56 feet» 
500 
Work due to gravitjr in a mile = 70 x 2240 x 1 '50 
, „ „ „ 40nule8 = 70x2240 xl0*5tix 40 

^ = 6G2323m 

■ Total work in one hour = 1 1S272000 -j- 0li£32320 

^m - 13450431^ 

^B Horse-power x 33000 x 60 = 184504320. 

^r TT 1S4504320 ao.iQ 

^^ Horse -power ^ . ;,^^^ — -^ = £^3 IS. 

^ 33000x60 

SO* A locomotivo drew a train of GO tons on a level lino of raile ai 
a speed of 50 miles per hour, allowing friction at 8 Iba. per ton, v^bt 
was the horse-power 7 Ann. 64 

40, With what speed will an engine, whose effective horse pow^ 
is found to l>e 64, draw a load of GO tons, the rails being laid oo * 
level, and the usual allowance for traction assumed ? 

A itfl. fiO milas an houn 

41, A locomotive enpno drew a train of 60 tona at a speed d ^ 
miles an hour up an inclinG of 1 foot in 440; if we neglect the reatf*- 
ance of the air and aW^tJfw ft W^a. ^t -ton for friction, what wm ti» 
effective hora^'powet ot ^e e^Ti^^"^ Am, llMiV 



42. A locomotive engine of 100 hojse-powcr drew a train of OO 
tons at & speod of 50 mOeg per hour up an mcliu© ; aUowJng B Ibfl, net 
ton for friction and none for the reaktjuice of the fttmosplierei what 
was the gradient 1 Am. I in 493 nearly* 

43. Find the horse-power to draw the train of 100 totia up the 
iueUne of 1 in 80 at the rate of 20 milea per hour, allowing 8 lbs, per 
ton for the friction. A^ts. 102 h-P, 

44. A train of 75 tons i^Eseends an incUne of 1 in 400 at the rate 
of CO milea per hour; tijid the horse-power, the friction laeing 8 Ibe, 
per ton. Ans. Hor&e-power = 28-8. 

45* The stroke of an engine ia £4 inches, it ia makmg 70 revolu- 

ttona per minute, and the diameter of tho driving wheel is 6 feet | j 

what 13 the speed of the train. 

In one Btroke (forward and backwards) the wheel goes round once, 

or6x3'Hl(Sfeet. 

In one minute the train goes G k 3*1416 x 70 (feet). 

„ hour „ „ 6x3141(J?<70x60{fGctJi 

. o I u ^ 6 X 3-1416 X 70 X GO ,^ rtm -i 
.\ Speed per hour = — ■ —^ — 14'D94imlea. 

4G» What ia the speed of the piston ? 1 

The speed of the piaton ia the velocity at wHich it moyca per , 

mimute, or the distance it moves in one minute, * 

In 1 stroke the piaton moves 2x2== 4 feet. 
In 70 strokes ,, „ 4 x 70 - 2S0 feet. 

47* An engine is running at the rate of 20 "00 miles per hour, the 
diameter of the driving wheel being 5 feet, and the stroke of the 
piston 16 inches ; what is the s]^ed of the piston ? 

The Himplest way to solve tMa question is first to find the iLumber 
of revolations of the driving wheel per mimitc. 



lb 



Train goes 20 'OQ x 5280 feet per hour* 
2Q '00x5280 . , 

11 M -^ ^p 7t mmutc. 

Wheel in. one turn goes 5 x 3 141G. 

. Wheel turns ._*i34^?^-, times per minuf o. 



60x5x3-1416 

= 1G3 nearly. 
Since each time the wheel goes round the piston travels 
IG X 2 - 32 =: 2 feet 8 inches = 2^ feet 
.'. Speed of piston = 163 x 2S = 434S feet* 

43. Suppose the same engine to move at A velocity of 20 '54 miles 
per hour, what is the speed of the piston ? Am. 208 feet nearly. 

40. The stroke of an engine ia 25 inches, the diameter of tho 
driving wheel JS feet S inches, what nmnher of revolutions must it 
make per minute to give a speed of 40 mUes per hour, and what wiU 
then he the speed of the piston? 

Ans. 172 '3 strokes, and 718 feet. 

50* The diamoter of each of n small cylinders is dj fur them the en^ 




m 
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cylinder; show that tlio mtlnng etirfaccB 
■tid, the lungth of the atr^^ke being the s 
Eubbmg surface of n fliaall cylinder ^dx'rxlxn 



lor th@ frictiuu 



Contents af smull cylinder — d^ xZ x I 



ij ti ,, cylindtira ~ d^ >t 5 -^ I x n 

4 
But this ifl the eontenta of the large cylinder. 
Let D = the diamt'ter of the large cylinder, 

.% D* X 5 X t — contents ,, ,1 

4 

.\ D* x ^ X I = d^ xZ >^ ^ X n 

,'. D = ds/n __ 

*". rubbing surface of lar^^e cylinder i^ d^u x tt x I 
Hence^ coniidering the friction tho same aa the rubbing surface, 
Friction of lai^e cylinder d \/nw I _ I 
Frictiou of BmaU cylinders ~ d 'Jt hi V ^ 
,•, by decreasing the number of cylinders we diniinisli the frictiOB* 
Snpjpose QUE cylinder be iubatitued for fonVf then the frietiun ia 
dinmushed one huJi ; for in that case twice the fi'iction of the laige 
cylinder is equal to the friction of the small one^, 

51. Eequired the horse-power of a locomotive engine which moves 
at a steady speed of n milea per hour on a level railway, the weight 
of tho train being W tons, and the friction j of tho weight of the 
train, the resistance of the nir not being considered. 

OO4Q ^ "TO' 

The rosifitaiico to motion = - — — ■ 

/ 
If n be the number of miles per hour the train moves 



n X 52SQ 



is the 



feet 



mm. 



n X 5^80 2*''40 % W 

The number of unit^ of work done per min. — ^ — _ -- — x — ^ 

CO / 

^ n X 62SQ X 2^ xV[ ^^^^ = 28O or 8 lbs. p^r toi^ 
330CM) X CO X / 
_ M X 5280 X 2240 x W 
^ 33000 X 60 X 280 
_ 12 s X n X Vr 
~ 100 X 60 



CHAPTER XVII. 

DE PAMBOUR'S THEORY. 

Introduction— Work Done on One Square Inch — Horse-Power— The 
Load — ^The Pressure — ^De Pambour's Theory— Relation between 
the Temperature and Pressure of Steam in Contact with the 
Water — ^Relations between the Relative Volumes and Temper- 
atures of Steam — ^Velocity of Piston under a Given Load and 
Horse-Power — ^To Determme the Evaporative Power of a Boiler 
— ^Maximum Useful Effect — Examples— Hyperbolic Logarithms. 

340. To find the Units of Work Done on a Piston in One 
Stroke^ when the length of the stroke is given, the point of 
cut-off, and the pressure of steam on admission. 
Let I = the length of the stroke in feet 
y, q — the distance moved by piston when the steam is 

cut off 
„ p = the pressure at which steam entera the cylinder. 
„ 5 = the number of feet described at any part of the 

stroke 
„ p = the corresponding pressure 

»\ p' : p : : q : 8 • r, p' — ^ ^- 

Dividing the length of the stroke into an indefinite num- 
ber of parts, and takitig their sum, we must have as near an 
approximation as possible to the average pressure 

8 

Integrating this between the limits I and q, we get 

r %ld8^qp f ^ ^qp (log. Z-log. q) 

^98 '^q 8 

, I 

^qplog.^ ^ 



Tin's is the work done by tlie expandmg steam; we must 
add the work done befoits expansioB if we wiab for the total 
Tiiiita of woi'k : tho work done befoi-e expaiiEsion ia eiddeniily jp^ 

, '. Total work = qp-\-qp log, - = gp (l + log. — J 

Lot US take an example and show the application of tliii 
formula, 

Ex.— The length of the stroko of an &TigijiB is 6 feet^ the eteamii 
cut off at 1 foot^ or I the stroke, the pre&aure of steam ia 60 lbs* on 
the Btiuaro inch when ndnutted. Find th© work donu oa eavh square 
inch of the piston. 



k 



We have to suhetitute in qjt (l + kg.^ ij 
:=4x6x60^1 + log-^f ^ 



= 1 X 6€(l + 1 701750) 
= 167^50554 



y; 



From this we will proceed and find the Loraenpower. Given 
diameter of piston 35 inchesi and speed of piston 25 strolea 
per miniitep 

Area of piston = 35 x 35 x 'IBM 

Utdta of^work done = 35 x 35 x '7SU x 167 '50554 x 25 
^ as X 35 X -IHM X 167 *50554 x 25 

' '^ H*>^-P^«r = —^3000 ^ 

= 122-09. 

7??tfe to jtnd the work done on each square inch of ihi 

Divide the Icn^h of the stroke by distance moved thi^ngh 
by the piston before the steam is cut off, take out the hy\wt- 
bolic logaritimi of tbLs, and to it add o^ie, then multiply thk 
sum by tlie steam pressurCj and by the pait of the strata 
performed before the steam was cut oE 

The rule for borae-power is — multiply the area of tto 
piston by the number of Btrakes, and by tke pressure t3iiia 
found, and divide by 33000. 

34t To and the load 
Let L = the load on the square inch. 
L X ? - the work done on a square incb in eacli stiMitfl 
by the load, and aa tKua TJam^ ew^v3^\^^^^^^ qC the steam 
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,•, Lf= qp fl + log. L) 

.'. Lor Load = ?^^(U log., ^^) 

Mfde tafind the had: 

(1) Divide the length of tte stroke hy the part of tlie 
stroke at which the steam is cut ofiT, take the hyjierbolic log. 
of this and add unity to it, then multipl j this by the pai't of 
the stitike and hy the pressure of steam, dLvidiog this result 
hy the length of the stroke we Lave the load. 

Ex. — The length of tko stroke ia C feet, the atenm is cut oflf at I 
foot, the preasurt} of ateaiu is *iO ll>a. <m the square inch when ad- 
mitted I &id the load. 

Before qp (l -j- log.^ - ) - 167 '50554 = work done. 



Dividing this by I wc havo 



167-50554 



I S42. PresSEre.' — Given the had, tJie stroke, paint wker& 
steam is cut off^ to fit}d th^ PEES3UBE at whkh tM 9imm must 
b& udmiti^d. 



Hi^^H-^) 



- 27.01750 

— Loibd. 



From formula 5!/ {l+log. -) ^ L 



Li 



$(l+log., p 



From whkh we deduce tlm foUowin^ thUb to Jitid tlia 
presmire of steam : 

(1) Multiply the length of the stroke by the loaxl. 
' (2) Divide the length of the atroke by tho part of the 

j stroke, tiike out the hyperbolic logarithm of tliis, and add 

unity to it, midtiply this by the paH of the stroke. 
I (3) Divide the quantity obtained in the first rule by that 

in the second, and the pressure ia found. 

Ex. — The load o£ sm engine is 2S lha.» the length of tho fitroko 
6 feet, steam is cut off when one foot of tbo stroke has be«n pei^ 
formed; r&iuired the pr^eure at wMcU\U^ i^i^isjei^'^w «to^&^«^ 



SIS 



6TEAM, 



0x28^103 

Bvm in. 

IG8 



ItlTLBlI, 

6-5-1 = 6 

Hyi^erbol. log, 6=^79175^ 

1 + 19717594 -279175W 



2-7917594 

= 60 17 11)1* preasuroi 

TIi& horsepower oaih Id ako e^p^ess^d in krms of fe ^m 

Let d = t!ie diameter of tho cylinder* 
I, n = the number of strokes per minute. 

343, De Pambour*fl Theory. — Steniuon its fii'st aclTnissIcmto 
the oyliader moves tlie engine but alo wly • the motion gradiially 
accelerates till the engine attains a eerttiin Telocity -which it 
does not anrpass, the uteam being incapable of snstaining a 
greater velocity. So long m the resistance I'emains constaat^ 
it lias to move the same masa. To attain this velocity 
requires but a shoi-t time, and, when reached, the power is 
strictly in equiHhrixun Trvith the remtmice. Were the power 
to vaiy, tlio motion must accelerate or retard in proi>ortiou. 
The pi-esanre in the cylinder is less than that in the boiler, 
therefore tho steam changes its pressure in passing fi-om the 
latter to the fonncr, because in going fi'om the boiler alon^ 
the pipes to the cylinder, tho pressui-c decreases, or the 
steam ia all owed to expand ; in tlio cylinder also the Bteam 
dilates, because the areii of the cylinder is larger than the 
pipes and ports* Tlio area of the cylinder is ten or twenty 
times that of the pipes. At first the piston does not nioTe; 
when it dees, steam oontinuea to flow in, and tho baknce w 
linxrtly restoml. A^ tho piston acquires a qnictor motion 
and develojrs a greater s]>ace before tho steam, the latter 
dilates, till in ticio the piston moves as quickly as it possibly 
Ciin under the supposed jn*essure of stmm, and equilibrium 
is established between the nio-^dng power and the load ot 
resistance. The pressure in the eylmder can never oxoced 
that of the resistance di \k\.^ load, and it is clear that the 
^i-eaaui^Q of ateam in tke ey^in^^ Ha x^^giNssi^Xs^ SJeiEi i^i^^ 



^^ that 01 
^^pz-eaaui^i 
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aac© OB the piston alone. Hiei^efore, if P' represent the 
pressure on each unit of surfaeej and R the resist^ico against 
the piston for each unit of surface, tlie first etjimtitj is 
established, that 

But aa the pbton jb in motion, tlio velocity tm well as the 
intensity of the force ia to be oonaidered. The rato at which 
steam is generated in the boiler mil ohvioiialy affect this 
velocity, and there is necessaidly an equality between the 
qwLintity of steam used and that produced. If we let 3 
equal the vohmio of water evaporated in the boiler in a unit 
of timcj and m the ratio of steam formed under the pressure 
P in the boiler, then m S will re])resent the volume of 
steam generated under the pitsssuro P in a unit of tiniej tbia 
pressui^e P becomes P' in the cylinder. But ate^un in pass- 
ing from pressitra P to P' will inci^ase its volume in the 
invei^e ratio of the pressui^s, therefore the volume m S of 
steam from the boiler will increase in the cylinder to a* 
quantity whose volume 

Now if 'y is tho velocity of the piston and A the area of 
the cylinder in squai-e feet, therefore A ^ ia the number of 
cubic feet of steam expended in the cylinder ia each unit of 
time, We therefoitJ get tho equality 

since the production of steam must be equal to the consump- 
tion. 

But before it was fihown that P' - B, substituting R for 
P', the equation sttmda thus ;— 



A^ = m 









_ mB P which k tlic vdccHy of the piston under the refiiBt' 
^*" A "ft anctiE- 

R ^ ?^2i. which is tho resiitance with tho given velocity v* 

a = 4J^ which ii the evaporative powor of the boiler, with 
s» P a certain load ani ^^^u. '^^^adV^ , 



These eqnatioiis are sufficient to deteraiine all qne^ 
tiona relative to tlio elTect of steam enginea. But 
tliey h&VQ been stiU furtlier adapted to meet the re- 
quiremeata of different engines under their varying coadi- 
tiona. 

S44. Eelation between the Temperatme and PreBsiie 
af Strain in Coatact with the Water, — Steam generated 
tinder the pressure of 15 Ihs. per sqttare inch hajs a Yolume 
always 1700 times that of water. If two volumes of steiua 
of the mme wugM be compared, ^e institute a comparison 
between their i-elativo volumes ; for^ being of the saaie 
freight, the J aro produced from the sam& quaniUf/ of water* 
The rdative volume of steam being the absolute volumo 
divided by the volume of water from which it was produccd| 
the ratio of any two relative volumes of steam is the same as 
the mtio of their absolute volumes. 

When steam remains in contact with the water in the 
boiler, the same pressure exhibited by the gauge correi^poiida 
to the same tempemture rii the boiler^ imd the same tem- 
perature iu the boiler will always give the same conrespond- 
ing pi-essure of steam. So, therefore, if we increase the 
temperatui-e we increase the pressure and density, and we, of 
coui-se, get the greatest pressure and density that steam can 
have at that temperature. 

But if the steam be taken from the generator aiid further 
heated in another vessel, we may increase its pressure of 
elasticity as we increaso the tempemtiire to almost any 
extent, but the state of greatest density ceases, for thci*e k 
no water from, which to iucrease its density ; also, we may 
increase the one without augmenting the other, Tkeconstajd 
ratio hBtwemi t&nperature mid pressure doe$ not ea^st TM^ 
is the grmtt dutinctioTk h^limBn steam in C07ita€t €ind n(^ in 
coiUact with ih& watm*. We can dat6i*mine the elastic force 
if we know the temperature when steam is in the boiler^ aaid 
mcG versa f but such is not the case when 7Wt in contact with 
the water. To deterDiine these pressures and temporatui^es of 
steam, when in contact with the water, has required a great 
number of expensive and delicate experiments. The ferae 
theoretk law connecting the two has not been asccr- 
tamed ; but aeyeral loTtKii^ ^^<i \rsl^^ proposed that give 
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the relative connection within certain limits of tempera- 
ture. 

There is a direct relation between the relative volumes 
and the pressures, as long as the steam is in the boiler or in 
contact with the water. 

We must remember that steam in contact with the water 
has its ma.Yimum density and pressure for that temperature. 
The formula proposed (for the true theory has not been 
yet precisely determined) is the following :— 

Let p = pounds pressure per square foot, 

and v' = the relative volume ; then 



w' = 



n+ qp 

where for condensing engines 

n= -00004227 
q = -000000258 

while for non-condensing engines 

n = 0001421 
q = 00000023. 

From this formula the relative volume of steam generated 
under different pressures can be calculated. 

For instance, take two atmospheres 30 lbs., the relative 
volume for condensing engines will be 

= S64-4. 



•00004227 + -000000258 x 30 x 144 
For non-condensing engines we shall have it 
1 



-0001421 + -00000023 x 30 x 14i 
The volume calculated by the ordinary method is 882. 

345. Belation between the Relative Volumes and Tem- 
peratures in Steam Taken from the Boiler. — ^When steam 
is separated from the water, its temperature may be varied 
without changing its pressure, or the pressure without alter- 
ing the temperature. The density increases or diminishes 
according as the elasticity or tQmpQT^.\iU£^ \s» ^^^^^^^ 
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Maiiotte'a law is, that if tlie volume of a given -weiglit of 
Bteam be increased, the elastic force dbninishes; or if tlie 
Tolnme be diniinished, the pressure iiicreaseB; or it h aflected 
in an inverse ratio, ie., tf u and v be two volumes of tJie 
aame weight of steam, and p and p their pressm-es, tbea 

p : p^ I iv'zv (a) 
Hence if r t? and r v* be their relative volmnesj we ha^ e "hj 






ih) 



Gay-Lussao hfLS shown that if the tomperatm'e of steam 
not in contact with the boiler-water be increased in temper- 
ature, for eveiy degree centigrade the %^olnjiie i^ceives re 
increment of 00364 ^ the oo-efficient of expansion is more 
coiTectly '0D366 — ^^* 

Hence if v and v' be two volumes of the eanie weight of 
Bteam and at the same iireHsui^ with the temperatureii t aad 
t\ and y the oiiginal volume, 

V + ¥00366* _ 1 + -0036Gjt 
7? 



V 



Y-i-Y-immt' 1 + wm^i' 



Hence from equation (c) 



TV 



1 +^-00366 a 
1 ^^00306 if 



This law cannot, of conrsej possibly apply to steam in 
contact with the water, since the pressm-e varies witli tk 
temyx^i-atiixe. 

346. To Find Pressure of Steam taken from the Boiler,'- 
The fonnnla for the relative vokmie i&^ 

n+qp 
If we, as before, Buppose a volume of water S to be evap 
rated into steam at a pi'oissure p, whose absolute volume m V, 
wc have — 



Relative vohune — 



ahscilnte voL 






1 



vol. of water S 

If the BamQ boAy oi aUa,m,\3i7 ^^\t^^^\2s^ ^i^i^ c^lindcrt 
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8te., liave its pressure changed to ^', its volume will alter to, 
suppose, v. Then, again, we have — 



S n-^qp' S n+ qp 

Dividing (1) by (2)— 

V^_. n+qp' _ q ^1 

V n + qp w_+jp 

q 
so, therefore, the volumes of the steam are not in the inverse 
ratio of the pressures, but in the inverse ratio of the pres- 
sures plus the same constant quantity (^), 

Finding p from the equation -- z=JL:tJUP 
y n + qp 



V / n+p'q ) _ n 

V ^ q ^ q 

= 1 j^'(n+p'2)-«! 



We now proceed — 

347. To Find the Useful Load when Working Non-Ez- 
pansively : — 

From above -p-= 

S n+qp 

Let L=the length of the stroke. 

c = the clearance. 

A = as before, the area of a section of the cylinder. 

N = the number of strokes per minute. 

.'. L + c is total length of cylinder filled with steam. 

A (L + c) is total volume of one cylinder full of steam. 

A N(L + c) is the quantity or volume of steam used per 

minute. 

If V be the velocity of the piston in feet per minute 

.-. v = NxL .•.N = ^ 

Li 
.-. Steam used per minute = |- A (L + c)= !LAi^J:£)= V 

.-. V _ vA{h + c) _. 1 
' ' S LS n + qp 
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but the pressure p mtiat equal the total resistancCj urliicla Is 
composed of E. the useful load, /the frietion of the unloaded 
eugiue, a K the addition friction for the loaded enginej tuid 
let J?' he tJie pressure of the uncondonsed steam. 

/% J5 = R + a E + p' +/ -: R(l-j- » )+j>'+/ 
substitutiug in (a) above 

ft + e JE{l+»)+y-i'/|= ^^ 

solYing the equation 

1 



"i^A(L + c) 



^-hA^r^''^'^'''^< 



m 



348, To Find the Horse-Power: WorMag Jfon-Expan- 
Bively. — Let the whole resistance ^ K', this must equnl j> in 
equation a, by substituting B/ for p we get 



V A (L + c) 
Multiply each side hj Av 

Li ^ ^ 
3 1 



[vA{L-tc} 



.AlVtf^ 



L + c 



- nAv 



i- 



(c) 



33000 
or this IB the hoi-ae-power required. 

349. To Find the Velocity of Maximum Useful Effect 
when WorMng without Expansion, — This meoiia that ^ 
are to fiiid at what speed the cu^diie should run, so that « 
may get moat work out of it* 

This velocity wOl evidently be attained when the pressure 
of iiteimi in the cylinder becomes equal to that in the hoiler, 
and therefore is equal to p. 

From our first equation (a) 

n •{- qp - 



t:A(L+c) 

A{Ij-\-C) 7i-htip 



w 



which is the equation required, giving the velocity of vaSr 
mum useful effect. 

350. To Find the UseM Load when Working Eijio* 
fiively»— Tailing the same notation as when working mthmi 
ejcpansion, and letting 
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b^ins, or the distance travelled by the piston before steam 
is cat off. 

Let V be the distance at any point of the stroke when the 
steam is expanding and its pressure falls to^'. 

Now from what precedes at pressure p the relative volume 



IS 



n-^pq 

,\ At pressure y it is = ?— - 

n+qp' 

•*. If V is the relative volume at the pressure p and 

^' »» » » »» » i>' 

but the pressure may be assumed as constant for a very 
short space of the stroke {d V), and, therefore, the work done 
while the piston traverses that small distance is = 
Ap'{dV), 
.*. The whole work done during expansion must be that 
given by the following equation, which we must integrate be- 
tween the limits L and I to obtain the work done during ex- 
pansion: — 

1. i 1 

=A(J + e)(!L + i,)log. ^''-a2.{L-«) 
^q * I + C q 

but the work done before expansion, which is A jt? ?, must 
be added to this to give the total work done. 

.-. Wholework==A(Z+c)(^+p) |^+log.^-^-±-^| -Ai? L(/) 

but this is, of course, the resistance = R' x L 

which from what precedes = } R (1 + «) + jp'+ / j L 

.-.AL JR(l+«)+y+/} =A(Z+c)(-+p)C -A ^L {3) 

7 ^ T ^ 

where C is substituted for --L-. + log. =-±^ 
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A I E (1 + .)+y+/ j =:ii^ {JL + p) C-A i! 



O 

1 



7. 



2 



LS 



Il = . 






wlxich is the useful load wlien workmg' espansivolj, 

351, To Fittd the Horse-Power whea Workiag Expor- 

sively.— From equation (^) the whole work done ia one 

stroke is ~ 

A{l-{-c]Jt±lZo-Ath 

but if wo let B' represeat tlie whole reststatico 

.^ AE'L-A{l + c)!L±JJi'C-AL t 
AU' 



AR'tf 



1/SC_ 

SC-A„«)^^, 
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(0 



this eqtiation will give the horse-power when working ex- 
pansively, 

35S. To Find the Velocity of MBximtim TTseful Effect 
when Workiug Ezpansively.^The volojuo of steam used 
per minute when working expaai&ively is = 

V=A(;-Fc) N=A«(^ + c) 

Y ^Av{g+e)^ 1 

1 c LS I \ 

I i + d ' A S 



3 



m 



where i? is tho velocity of maxi m um useful effect requh^? 

353. To Find the Diameter of the Cylinder to Give a 
CertaiE Power, etc, whea Working Expansively, — E<p-- 
tion (A) was 

K= -i ^, \^ - ^ I ^^^tQ Z^n^q (// +/) 
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Solving this equation we find 

'A= — I — r=I«^' (^) 

from wMcli equation the diameter" is known. 

354. To Find the Evaporation when Working Expan- 
sively. — ^From the last equation (m) 

g^ Av |Rgr(l + .) + z| (n) 

C 

355. To Find the Point at which Steam must be Cut Off 
to Attain the Maximum Useful Effect— Since 

AIli; = ^.^A_jsC-[n+2(y+/)]JAt; 

and V or velocity of maximimi useful effect 
SL . 1 
A{l+c) n+qp 
substituting this for v in the second member of the equation 
we get 

Differentiating with respect to ? to find the value which 
makes A B v a maximum, we have 

n+qp 
Wo now proceed to apply the equations found. The 
fii'st three, being of no practical importance, are lightly 
passed over, as engines do not work without expansion. 

In equation /we have log. . 

L/ + C 
I^o©- 'f^c ^^ ^® found from the common logs, by multi- 

l)lying by 2-350285^ thus, 

Log. .Mf= 2-302585 xLog.io ^ 



To save trouble it is customary to givo tte log* ^7- 

to tbo gmde of expansion j in a table, but it may be 

obserY-ed that it h fai* better to give tbe length of stroke, 
clearance, and cut off — then all that the student has 

to remember are the values of n and q in the formula ^^^^ 

instead of burdejiing bis mind with constant logarithms, or 
employing unnecessary tables. 

Equation c gh^ tfm horse^GW&r wJien not wm^kin^ expan- 
simdf/j if we make the proiier substitutions for q t;, etc.^ as 
previously indicated, and dIvidiQg by 33000, we have 
323S6S6'5 S - 555 "6154 d^n 

^'^^' = - -^33000 

= 9S-l4S"'01<>8rfJt* 
Hence the rule for finding tbe honse-poiver when not worldng 
expansively. 

(1 ) To the log. of evaporation of numbtr of cubic feet per 
minute, add log. of D8'14. 

(2) Find the natural number of this;. 

(3) To log. of '0168 add twice log. diameter in feet, and 
log* velocity of piston per minute. 

(4) Find the natural number corresponding to the sum of 
this log. 

(-5) Then subtract the one natural number from the otheTi 
the remainder is the horae-power. 

We give no practical lUiistnitions of these rales, because 
no engineers are now bo injudicious as to work their engines 
without exjMinsion, 

356. To Find the Evaporation of a Boiler whm we hioro 
the horsepower, vehcity^ mid area of ptston (not WQrkin^J 

^p ^ 3238G86-5 S - 555 '6154 dH 
33000 
M.T. = 9B-UB-mQ8dH 




S ^ 



m^u 



Equation % gives tJtB horse-pQwer wheii worhitiff ewpaimtfdti' 






J 
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tnmli'itig the proper substitutions, as in page 321, etc., De 
Pambour's rule for finding the horae-power when working 
expansively becomes 

„ ^ 3399968-74 SC- 555 -6154 (P» 

H.-P. = : 

33000 
= 103-029 SC- -0168 (Pv. 

Hence we obtained the following rules for finding the horse- 
power of an engine under this condition: — 

(1) To the log. of 103-029 add log. evaporation of cubic 
feet per minute, and the log. of | -L + log.^ ?i±-^ I 

(2) Find the natural number corresponding to the sum of 
the above logs. 

(3) To the log. of -0168 add twice the log. of tho 
diameter in feet, and log. velocity of piston in feet per 
minute. 

(4) Find the natural number corresponding to the sum of 
these logs. 

(5) The difference between the natural numbers found in 
(2) and (3) will give the horse-power required. 

I^ote, — ^Log. ] ', — + log., -i^ I must be calculated by itself. 
I t+c • i + c ) 

We have indicated above how log. -y^ may be found, after 

which no difficulty ought to be found in finding the correct 
result. 

Ex. — ^The boilers of an engine evaporate 4 cubic feet of water per 
minute, the diameter of the piston is 6 feet, the length of the stroke 
5 ft., and the number of strokes per minute 20; if the steam is cut off 
at i the stroke find the horse-power. 



S or evaporation = 4 cubic feet per minute. 
Speed of piston = 5 x 2 x 20 = 200 feet pei 
Let the clearance at each end be 2 inches, then 



Speed of piston = 5 x 2 x 20 = 200 feet per minute, 
clearance at each end be 2 inches, then 

^ + log. kL« = _l^L5_ + iog. _5±A_ 



15^, 31 

= -9375+ -657520 
= 1-59502. 

* Take out log. 31, sabiract log. 16 from it, multiply this by 2'802585, will gire 
'657520. 
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m-B 3 103'020 X 4 X 1 '59502 - -OieS >« SG X ^ 

= 657 '5 ^1200 



Or it may bo done thus by logarithms i 
BtJLEs 1 ANB n, Ruhm m Ain> IV* 



Lm. 103 029 ==2 '012958 
Log. 4 = '602060 

Log. 1-50502= -202897 
Log. 657-5 ^2-S17915 if 



657S 



Log. -OIGS -2-225309 
Log. dia. = 77B151 

'778151 H.-P. 
Log. 500 ^2-301030 

Log. 120-9 =2-082641 

Ex.— TiieboEers of an engine evaporate 270 cubic feet of water per 
hour, tko diameter of eAch piston is 66 inches^ the lengtli of stroAie 
feet, the eteom is cut off at 2 feet^ aud the number ol revolntiou^ 
of the cra^ is 20, allowing 2 inches for dear&nee detennim tb« 
horse^powen 




070 
S or evaporation ib ■—- 



= 4*5 cubic feet* 



Speed of pistoE is 6 x 2 x 20 = 240 feet per minute. 

= '923 + 1-040276 - 1-963276 
,\ E.P. = 103^029 X 4'Sx 1-963276- 0168 X 5-5' X 240 
= 910-2^121-9 
= 738-3, Ane, 

Or it may be done thus by logaritlims : 



EuLEs I AJ<m n. 



Rules in anb IY. 



Ettlb V. 



Log, 10.^-029 =2-012958 
Log. 4-5 = '653213 

Log. 1-963276^ -2 92980 
Log, 910-2 =2*959151 



Log. '0168 -2*225309 9I0'2 

Log.dia.54= ^740363 1219 

T o.n .It^? m^T.7m%Am. 
Log. 240 =2-3 80211 

Log, 121*9 =2-686246 
Equation m gives tlte area 0/ tfm .piM<>}i^ and Iimice iU 
diaMietery ao that with a eertain eva^mralmjhj horse-pomtt 
mlocitJ/j eto*, we may find the i-equii-ed dimensions of tlie 
cylinder, ^ 

frf^-~4 ^^— > 

^ « I R fjT {1 + a) + 2 I 

jjiaJciiif^ tliG proper sahstitutioiia and reducing down ve 
obtain the 
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H.P. = 103029 S C - -0168 d^v. (r) 
•0168 dH = 103029 SO- h.p. 



^ _ / 103029 SC - H.p. a 
^ 0168 XV ) 



Rule I. — ^To logarithm of 103-029 add logarithm evapora- 
tion of cubic feet per minute, and logarithm C, then take out 
the natural number. 

Rule II. — To logarithm of velocity in feet per minute 
add log. '0168, then take out the natural number. 

Rule III.— Subtract the horse-power from the number 
found by Rule I., and divide this by the number found in 
Rule II., extract the square root of the quotient, and the 
result is the diameter in feet. 

Ex. — ^The stroke of an engine is 5 feet, number of revolutions per 
minute 50, horse-power 1600, the evaporation of the boiler 390 cubic 
feet per hour, the steam is cut off after the first foot of the stroke, 
allowing the clearance to be § of an inch, find the diameter of the 
cylin/ier. 

The evaporation per minute = 6*5 cubic feet. 

The speed of the piston is 5 x 2 x 60 = 500 feet per minute. 

Clearance § of an inch = -^ of a foot. 

C or \ +loff.- 2 { will be the same as in the examples on 

page 333, we therefore write it down as 2*554636. 



• d = / 103*029 8 - H.P. U 



0168 X V. 
_ / 103'029 X 6-5 X 255 4 636 - 1600 \^ 

\ 0168 X 500 ^ 

^. 1714-74 - 1600x4 ^3.^^^^^^ 



8-4 

Or thus by logarithms : 

Rule I. Rule II. 

Log. 103029 = 2012958 Log. 500 = 2698970 

Log. 6-5 ^ -812913 Log. -0168 = 2-225309 

Log.2-554636 = -407329 Log. 8 4= -924279 
Log. 1714-74 = 3-234200 

^^ ( 1714-74-1600 )4 ^ (m74)i ^ 3.^9 ^^^^ 

Ex. — ^Find the diameter of a cylinder to give 200 horse-power when 
the evaporation is 1 -09 cubic feet per minute, the length of the stroke 
5 feet, and number of revolutions 21, the steam is cut off at \, and 
the clearance -J- inch. 



S33 ^H^^F WTEklL 

Tim onpomtlon per minute is 1*0^ cubic feet. 
,, Bpeed of the lyinton 5x21x2 = 210 feet per mmute: 
,^ Clearance uS of ik font 

C or + lotj. •^^— — ' will be tbe siuiie as in nestt exianplj 

VYe ttieruftjpa omit tliia calculation altogether, merely Trrituig 
it ^ 2&54G36. 

HuLH L 

TiOg. 103029 = 2^12053 Log. 210. ,. = 2;^ 

Lor. 1'09 ........... - mi42fy I^g. 0168......... - 2-225309 

Log 2'5546a6..... ....... = -407320 Log3'52S ..,. = "WSSS 

Log. 28«-883 = 2-457713 

^,^ ^ ^ (285:588 :_joo)* = (^)4 ^ 4.^, 

^ 3-528 ^ ^3 -528 ' 

^ 5 nearly* 

Eqnutmn n gives the eimporation lolien tire know the grada 
of ^jandoUf hone-pmver, etc.j worki^iff expansively, 

s = ^— c~ — ~ 

without taking the trouble to substitute, ^b may find from (r) 
above, 

U.V. - 103-029 S C - -0168 d^tj 

, a _ H.F.-f0168d't> 
103 029 Q 

We liave^ therefore^ the following mlna for finding the 
evaporation i^uired to produce given, results wlien the steajtt 
is need expansively : — 

BuLE I. — To log. *01C8 add twice the loganthm of the 
diameter and the logarithm of the speed of the piston in feet 
per minute. Take out the natural number. 

Rule II,— To log. 103-020 add log. C, found as before, 
and take out tKe natural number. 

Rule III.^ — Add the hot^e-po%TOr to the number found by 
Uule I., and divide the siun by the number found in Bale ILL 
This gives the evaporation per hour, 

Ex.— The stroke of an engine is 5 feet, number of revolutions per 
mimite 50, the hora*j-power 160O, the diameter cf piston 42 incbei, 
and the gr&tle of cxpaumon ^, and th^ clearance | of a^a inch* Find 
the evflporation. 
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Velocity of piston is 5 x 2 x 50=500 feet per minute. 
Clearance § of an incli^^V of a foot. 

= •9697 + 1-684930 
=2-554636 
. g_ H.-p. + -0168rf«t? 

103029 C. 
^ 1600+ 0168 x3-5«x 500 

103-029x2-654630 
^1600+102-9^^.^^^^^ 
263-2 
Or by logarithms, which is a much easier method, it is done 
thus — 

RULB I. RULB II. 

Loff. -0168 = 2-225309 Log. 103029 = 2012958 

Log.(dia.)3i:;= -544068 Lo g. 2-554636 = -407 329 

•544068 Log. 263-2 = 2-420287 

L og. 50 = 2-69 8970 ^ 

"Log. 102-9 =2012415 
Q -H.-P. + -0168 d't?. 
103029 C. 

Or Rule m. 
= ^^ + ^Q^-^ = 1702;? ^ g.47 ^^^.^ f^^^ ^^^^^ 
263-2 263-2 ^ xmuuuo. 

Ex. — ^The diameter of a cylinder is 5 feet, the number of strokes 
per minute 21, and the stroke 5 feet; if the steam is cut off at 1 foot, 
find *the evaporation, allowing f for clearance, the horse-power 
being 200. 

Velocity of piston = 5" x 2 x 21 = 210 feet per minute. 
Clearance -^ feet. 

.-i- + log. ?i±^ = 2-554636, as m the last problem. 
l + c ^il + C ^ 

Rule I. Rule II. 

Log. -0168 = 2-225309 J^^^* o\^I^^a " n S2 

Log.(dia.)5= -698970 Log. 2554636 = 40 7329 

-698970 Log. 263-2 = 2-420287 
Log. 210 = 2-322219 
Log. 88-2 = 1-945468 

g _ H.P. + -0168 d^v. 



103029 C. 
200 + 88-2 288-2 



•^03-2 263-2 

= 1-09 cubic feet. 
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Equation h givm Hie vehcittj of maadmvm useful ejects 
and may be ihua applied — 

^ 8 ^ L 



1 



n ^*ip 



1 



rfa 



X '7654 i -¥ c n + qp 

Ex, — The evaporation ia 8| cubic feet per minute, the pTeaattre at 
wMcli the steam is admitted to the cylinder 31 lbs., the diameter of 
'^e oylinder ia 7 feet» and the length of the stroke 6J f ect^ the steam 
' cut off at haif-atroke. Find the speed of the pUtOE or madmum 
!ul affect Clearance A feet. 

EvaporatiQn per mirrate in 8 "5 cnbic feet* 
Clearanoei ^ feet. Duuneter, 7 feet. 

IS = ■ ^ X ^ X 1 

d^ X -7854 i + c fi +^o 

^ 8-5 6^ ^ I 

7 X 7 X *7S54 3i + 1^ -00004227 -f^OOOOOO^SSx] 
^ 8^5 208 1 

3S^484G 105 '00U9392 

= A.oort — 3S^"* = ^^^ wf revolmtiona, 

Ix)g. 8'5 ?. :^ -920419 Log. 38-4S46.... = 1-5 

Xog. 208...... = 2-31S0 65 Log. 105 = 2^1189 

.= 3-247482 Lo g. 0QI19392>.., ...... ^ l076973 

'68344 8 ..„......„..„. -683141 

Log, 366-4 = 2 '564034 

,V Speed of piston = 366-4 feet per minute, 

No, of revolutions I .^!z5_r^ ^ 28 nearly, 
2 ?< 6i 





EXERCISES CHIEFLY FROM EXAMKATION PAPEEa 



The clearance allowed in finding the answers to tbc following 
problems is in all cases f tha of an inch, which is about the proper 
quantity. The student roust not nae the special tables given in sonie 

works on steam, for ^— + log ^ -/"^'; , tbe clearance thete 

allowed is oat of all proportion in some cases^ and the true relaMoB 
between L and I is too often a matter of average, instead of proper 
OEdcnlation. In every answer here given, the true quantities have 
been fiubstituted in the formula last nanied, and the hyperboik 
loguithm uaed, e'ttjiei laikeii. in>iaB.\.^^'2il\i^ii^tbQliG logaritbBi% 
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r or ealcnlated by ©mpbying the ordiaary logarithma ait indioat^ on 
! page 327* 

1. Investigate the relation between the ngf^lul effect of a steam 
engine, the eyaporationf speed, and area of the piston (1)^ when the 
eDgine i& not, and (2), when it ia, workiiig ejcponsiyelj (I8t>3), 

2. What ia m^ant by the nominal horae-power of an enginot aad 
ihow how it is determined for paddle-wheel veesels. Find the 
nominal borae-power when the diameter of the eylinder ia 5f>| inches, 
stroke of pkton 5 feet^ and number of revolutiDiifl 2L Find the effec- 
tive evaporation of the engine whose dimomtbna are given above, if 
the borae-power be auppoBed to be 120 (1SG3), steam cut off at §. 

Ans. 107*8 and -6962 cubic feet. 

3. Wiabing to canfitmct an engine of 250 horse -power, what must 
be the diameter of the cylinder that the length of tbe stroke may b© 

5 leet 10 incheaj and the number of revolutions 21 (1863J ? 

Aiu^. 78^- 

4. Find the quantity of watei- evaporated by a boiler If the initial 
indicator pressure be 16 lbs., tbe diameter of the piston being 3 f^t 

6 inches, length of stroke 4 feet, and nimiber of revolutions 25 (1863), 
steam cat off at ^. 

First find the horae-power = 113 72 

Next find the evapomtion - *9^ cubio feet p^ minute. 

5. Find the nominal horse-power of an engine of the following 
dimenaiona :— ^ 

Diameter of cylinder ......*..*..-.* 63^ incbea 

Stroke of piston *., * SJ leet 

Number cl revolutions 22/ Am. 1 15 '44 it. -P. 

6* Find the effective evaporation of the engine whose dimensions 

are given above, snppoaing the horse-power to be 110 '6 (lSti5}, steam 

cnt off at H feet Am. S2. 

7* Given the evaporation of an engine, the speed and area of the 

pistont investigate an expression for tiie horae-power {1S65)* 

S. Investigate, according to De Pambour'a method, an expression 
the work done in a condensing engine when iftorking csjmnsively 
(Honours, 1S70). 

9. Find an expresBion for calculating the effective evaporation of a 
iK>ndensin^ engine of given dimensions and horse-jiowei", tbe piston 
moving with a given velocity, when working expansively (1866), 

10. In a pair of engines tbe diameter of tho cylinder ia 60 incliea, 
length of stroke 4 feet 6 incbea, the number of revolutions 63, find 
the nominal horse-power, and the evaporation of a set of boilera to 
supply the engines, tbe steam being cut otT at J of the stroke (18ti6)* 

Ans. 680 4 N h.p. ; 2 283 cubic feet 

11. Find tbe quantity of water evaporated by a boiler, if the initifd 
indicator pressure be 18 lbs. , the diameter of the piaton 4 feet 6 inches, 
length of stroke 4 feet, and the number of revolutions 31 (ISG6), steam 
cut off at one half stroke. Am. 2 014 cubic feet (n.r. 2021). 

12. The diameter of the cylinder of an engine ia 56 inches^ the 
stroke of the piston 5 f eetj the number of revolutions 33, find the 
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iti evspomtion, the ioraft-powier being 150'S (1867)^ steamed 
off at I, j4n#. 1 '031 cubic feci'^ 

VS. Inveitigftte m formula for finding the diameter of & cylinder to 
work at a gtreia ipesd, knowing the eva|n>mting pownr of the beiler 
(18t57and68). 

14. Inveatijgate on exprefifiion for the harse-power of an engioa (1) ; 
working without expaniion, (2) with expoudon (De Famboor'i 
method), {imi md 18138). 

15. Find the eff ecti ve evapototion of the boiler for a pair of engines nf 
7IjO collective home -power, the tHmnet^r of the piston being 88 inches, 
the length of the stroke being 5 feet 2 inches, the number of ruvek- 
tiona per minuto 60, the eteom being cut oS Jit oncj-fonrth of tbe 
atriiko ( 1 868 ) . Anji. 211^ cubic ft . for each engine. 

16. Upon what principlea ia DeFambonr's tbaoiy of the eteam engine 
foundiidt (Honour, 18^9). 

17- Knowing the c^^apomtion of an engine, the speed and the arsAi^^ 
the piston, show how to caieulatfi the horse-power (Honoujra, 13^0). ^H 

18. Prove De Pambonr'a ndo for finding the horse-powar of ^n engio^^ 
knowing the evaporation^ and g^ed, and area of tne piaton (1866). 

19. IrVhat deteriaine^ the nommal horse -power of an engine! What 
evaporating power ahonld a boiler have for a pair of eaigines of 560 
collective horae-power, the diameter of the cylinder being 88 inches, 
length of stroke 6 feet U inches, and miiking 17 revolntioms per 
minate (1805), eteam cut off at i? Am, 1*19] cubic ft for each. 

20. Caleidflto the work done by the Bteom in one stroke of the pfston, 
taking clearance into account;, the steam being cut oE at one-twelft]] 
of the stroke (Honours, 1671). 




HYPJ^EBOLIC LOGAEITHMS, 



-000000 
•223143 

^405465 
^559615 
*093147 
'810930 
■916290 
2| = lOllGOO 

3 = 1 098612 
3i = 1 178654 
^ - 1 252762 
3| = 1-^21755 

4 ^ ra36294 



4i = 1'44G91S 
4^ = 1-504077 



5 

6 

Gi 

H 

6i 

7 

7i 



1-558144 

i-GOtW37 

1 658228 

1-704748 

1-749199 

1-791759 

1-8^2581 

1-871802 

1-909542 10 

1-945910 



7i = 2 014903 
71 = 2-0470^2 

8 = 2079441 
Si ~ 2-U0232 
ai ^ 2140066 
Sit = 2-1C0053 

9 = 2"197224 
9i = 2 '224523 
9^ ^ 2'25l2yi 
n ^ 2-2772G5 

^ 2-302585 
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C "9=^ 179175120 
1-9375== '6575042 

2-846= 1 '060276 
3-012 = 1-2842680 
a'92i>22l^3ti84na 

\V ^l*A84atHja 
H^ = \i854:te 
W ^2 0123030 



= Imim ^V = 2^395049505 



QUESTIONS, 



^^. SS^P.; 31-40. 

Ans, -irta; 122° F. 
Am. ^"T. 



1* Eedno© 30° Fabrenlieit to centigrade and 4'^C. to V. 

^^. 31C.; 3riF. 

2. Eeduce - 12' F. to C, and ^ 12" C. to R ' " " " " 

3. Beduce 25" K. to P. ivnd C. 
4 Exprees 40X'. as F., and 40^R aa C. 

5. Convert 12°F. to C, and WR. to F. 

6. E3q>TeBa - 15*C. in the scale of Fabrenlieit* 

7. In 55 circular inches how many square inches? 

A circular inch is a circle having one inch for its diameteri 

. -. ^5 drcnlar incKoi^ I -x *78M x 55 :^ 43 ■ 197 sqii^iJts inches, 
8* Ooavort 20O square inches to circular inches. 

200 aq* in. =i?l = 254'6 circular inches, 

V* 33 X '7854= 200, \ etc, 

EULES; 

To reduce eircutar in^Ms iosqiittre hiah^Sf muUlply hy '7S54 
To reduce square in<:kes io circular j dieide hy "TSM. 

9, Convert 120 iquare inchei to circular. 

Am. 152 '7 circular inches. 

10* iCow many aquare inches are equivalent to 300 circular incheaT 

Am. 235*0 i?q. in. 

11* A pound of water at 60" G. ia mixed with apoimd at lOO^C, 
what is the resulting temperature ? Ans. 80* C» 

12. A pound of iqu at O'O, is mixed with a pound of wat^r at 
lOO'C, what ij3 the result? Am. 2 His. at 10'-3C. 

To melt the ice will cousnmc 70" '4 C, as thia ia the latent heat of 
^ator. This will leave 100' -79° 4 = 20' '6. This reeiduum wiU be 



S Iba. of WfttoT at a tempta^ature of 



20=0_in., 



10° -3 a. Am. 



13. 



2 Ihsi. of ice aro mixed with 2 Iha, of water at a temperature of 
wljat k tho result T Ai^^, 4 Ibu, o£ ^kiiA&y -iL Q' Q^ 



14, 9 Ibfl, of ice are mixed with 10 lbs, of water at lCO°Cp, -whatig 
the T^ault? ^"^- 19 lbs. of water at 15"-0£C, 

15. Wh%t weight of ice at mm must be mbted with 12 Iba, of 
water at 25*^0*, in order to cool the water down to 10" C. T 

Each poimd of ice in liquefaction will tionatmie TO^^^ and ai thifl has 
to bo rjiificd 10^ , v each pound of ice roqtiirea 89^-40. Each pound of 
water wiJl dvo up 25' - 10°= 15*C. 

, \ Tot3 heat to be eada^acted from the waters 15° x 12 = IStT. 

» % No. of Iba. of ico requircd^^^^ =2013 lbs., Ans, 

10. 60 lbs, of ice at 0°C. are mixed with 100 lbs* of water at a trai- 
perature of 45" C, will this melt the ice ? 

Am. Wo, It will require 264'' C. mOTc 

17* How many pounds of water at the above temperature wodd 
have been just eufticient to melt the ice? Ans. 105^ Ihk 

la I mix 4 Iba. of ice at O^C, with S Iba, of water at 95'C„ wbjst 
ia the resulting temperature ? ^^^^^j. 12 ibg. of water at 36"'8fiC. 

1 9, How many pounds of ico must 1 mix with 30 pounds of wafer 
at 80^*0*, so that tie result may be water at A temperature of 35* C, ! 

An$. 11-8 lU 

20, How many pouuds of water at 2TC^ must be mixud with 2 11>r. ii 
Bteam at 100" C. to reduce the temperaturo of the eteam to 45'' C, ? 

Latent heat of steam is 537 '2, 

.\ Each pound of steam has to give up G37°'2 -45'*=502'*'2C. 

Each pound of water takes up 45"-27" = IS"". 

.V No. of Iba. of water to oonden&o 1 lb. of fiteam =5^^-32-9 lbs. 

IS 

2 „ =32*Qx2=65'81bs. 

21, How many pounds of wattir at 40" O, must bo mixed with & 
pound oi steam at 100'' C, to convert it into water at the boihng 
point! ^ji*, 8 05 lbs. 

22, How many pounds of water at 5ff*C. must be mixed with 21 M 
of steam to condeu^e it, so that the restdt ehall bo water at a tem- 
perature of 80" C. ? A m. 390-04 Ibfl^ 

23, Tho temperature of steam h lOO'^C, and thnt of the eondenajBg 
water 10"C., what will l>e the proportion of condensing water to 
ateam if the condenser is to be kept at a temperature of 38^ C. t 

Am. 2 1 "4:1, 

' 24. A pound of steam is converted into water by ice at 0*C*, how 

much ice will it Just melt ? Afis, S*02 lb*. 

25* How many pounds of steam at a temperatTilo of 100° C, wiB Iw 

required to melt ^ lbs* of ice at -4"C. ? 

Each pound of ice conguraes 4+ 79"4^83'*'4 units of heat, 
. ', 40 Ibfl. of ice will require 83^'4 x 40 = 3336" umta of hea^ 

3336 



No. oflba. oUlci;mi^4X 



m^ 



J.2S lbs. 



2G, The temperatoe of steam is lOS^C, and 5J llii. ' of ateam 
melted 42 lbs, of ice, wliat was tb© t^jmperatare oE tlie water remain- 
ing? jIjw. 4°"16C, 

27. Wliat weight of steam at 100° C. m necGssary to raiBe the tern* 
pemtttro of 210 lbs. of water from lo*C. to 33"C 7 Am. 625 lbs* 

28. A paimd of mercury at 40* C. ia rai^ced witli a pound of 
water at ISG^'C., what is tbe rosulting tempemturo ? 

The Bpeciiic heat of water is 1. 
,, „ merouiy *033. 

Hence 1" from the water will raiae the mercury --— ^SO'^^S. 

*^ *033 
The difference of beat iii ISG' - 40' = 1 1G\ 
Evideutly to find the number of degree of heat to be added to tho 

40^ a» mercury takea 033 and water 1, we shall get — Li^ ^ 112" '3L 

. -. The tcmperatnie of the mixture will be 40*^ + 112°-3 ^ 152**3. 

Or WG may reason tbias : — 

Every W^3 given to the witter OTit of the IIG' we must add l"" to 
the merciny, wnich wiU raiao it 20" '3* 

,\ The increaao of temperature aboye the 40^= ^^^^^^'^ = 112-3. 
^ 30'3 + l 

.'■ Temperatures 1 52" "3^ flfl before. 

20, A pound of mercury at 10° C. was mixed with a pound of 
wat^r at 100' C, tlio result was foiiiid to have a temperature of 
S>7''i C> ; find fi-om thla the capacity for heat of mercury. 

The temperature of the water waa lowered 2°| 0. 
,, ,, mercury wus raised S7*4C. J 

nnd since t^e specific heat of water ia 1, we have tiiifi proportion — 
Aa 87* J : ri : : 1 : ^033, An^. 

50. A pound of mercury at IGO* C. k placed with a ponnd of water 
at 20"* C*j what ia the resulting temperature ? 

Ev-ery 30'S given up by the mercuTy will only heat the water one 
degree, as it also requires 1* for itself, the difierence (100'' -20") 
divided by (SO^'S-t- 1*) will givo what is required- 

Hence ^ = 4=*47 
Henoe resulting temperature k 20° + 4° '47=24^*47 0. 

31, A pound of morcnry at 200"* C. is placed with 5 Iba. of water 
at 20"" C, what m the temperature of tho mixture! 

Ana. 2r-18 C. 

32, How much mercury at a temperature o! 120' C. wdl be req^iired 
to raclt 10 Iba, of ice? Afui, 200 '48 Iba. 

33, A jwuud of iron at 200" C. is put into a pound of water at 10*, 
both acquire a temperatui^ Qf 23" '8 C, find the specific beat of iron, 

^ ■ - ■ ^ - Am. -109S. 
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34, A tjotitvtt of iroti at G60* C, is pot into 10 Iba. ot water at 24* Cf,» 
wUat ia me teTOperatur© of the water? Ans. 29" *M C* 

7^ «pe!n^c boat of iron betweeti 0" and 100" C. ia -lOOS, between 
0*" C. and 300' C. it is a2l8« In this tjueatioB we have taken it M 
■1138. (See Tyndall On ffeai. ) 

35. 12 0^, of iron at 600" C. are placed ia 8 oz. of water at 50^ C, 
how muoh water m converlied inta Bteom, Bupposiog no heat lost h 
the process! Ans. ^62Soa. 

To leave iron at 100" C. it givea up 500 x IS^GOOO", 

To raiac water to IW 0. it 1»keB up 50 x S = 400'. 

Specific hoat of wat^r is (,t^ = ) S7&7 times greater than that of 
iron* 

.\ These 400 u»ita ^ill tnke (8"7S7s<400) of thoae in the iron, 
3514 "S imita. 

. \ There are left /r&ni the irm ©000- 3514*8 ^24S5 -2 imita of heAt 
to generate eteam. 

To find liow many units of heat from the iron will convert an otmca 
of water into Bteam, we have 537 2 >: $7S7 =4720-37 units, 

»% Number of ounces converted into steam ^ r ^^ "- — ^626 oe. Am, 

4720'37 

36* K 16 oz. of iron at 500* C. are placed in 10 oz. of water at 
60^ €., and the specifio heat of iron is considered ns *113S| how much 
water will be converted into steani? Ans. -611 osr, 

37. Suppoao 4 lbs. of copper at 210"* C are placed in 2 Iba. of 
wat^jr at 60% and that the temperature of the water im raiseil to 
84'' C.J what is the epecifie heat of copper? Ans. ^52, 

38. I heat 40 cubic feet of air from 30" C. to 50% what ia ^a 
increase of volume, and what is the preseiiit volume ? 

1 cubic foot on being heated l"" expands ^y of ita Tolume, 

■ ' *J M I* 1} ^TJ 

~ 2-03 cubic feet, , \ Vol — 42*03 cubic feet 

39. 40 feet of gas lose 25^ C* of heat^ what ia the voliuxw 
remaining? 

An approximate answer is obtained by the same method as abovei 

= ^=3-603. 
,\ Volume remaining := 40- 3 '669 = 36*337 feet. 

But if the quantities are lat^a the anneqced is a moie corr^ 
method. 

Let X - volume remaining. 

25 JB 
If the 25* of heat be applied to x iti increase is (^ 




^ 40. Ji £KW feet of air be heated thjougt 7^ of heat, what is the 

mcnjaae of vcsltime ! Am. 247 H cubic feet. 

4L If 500 feet of gas have tiieir temperature lowered throui^h 60'p 

what is tlie ^'oltuno remaining? Am- 409*9 ctibie feet, 

42, Suppogd the boiling point of water oa the Bummit of Mont 
Blaao ia 85''"14 C, what is tbo height of the moimtaint The hoiliug 
point of water decreasea 1* C. for every 10G2 feet pejpendictilar height. 

An9> 15,781 feet. 

43, The Bummit of Monte Bosa is 15,000 feet above the level of the 
eea, what ia the boiling point of water! Am, 85"*88 0. 

44, On th*j 3rd August, 1858, the temperature of the boiling point 
<m the summit of the Finateraarhom was 187 °F,, what may we infer 
the height of the mountain to be from thia fiictT Am. 14,750 ft. 

The oxaet height ia 14,100 feet ; we may account for the dia- 
crcpancy by the reading of the barometer not Wiag properly taken 
into accotint. 

45, The specific heat of air is '237 

„ gravity „ 7^^- 

A cubic feot of water loses 1*C., how many cuhio feet of air would 
this heat 1=0, 

The apeciflo heat of water h (TJr=> 4 '219 times ^eater than that 
of air, . ■. heat will do 4 2 19 times the work on air it will on water. 
But aa the same weight of air will fill 770 times the same apace as 
the aajno weight of water, .-. this cubic foot of water will heat 
4-210 ?c 770 = 3248*6 cubic feet of air. 

4G, 40 cubic feet of water losea 10° of heat ; bow mncb air will Hm 
heat 20' t Am. 64972*6 cubic feet, 

47. 1,000,000 cubk feet of air has iU temperature depreaeed 
10" C, of how much water will this LUc;:r^a.se the teniperature ,T if all tho 
heat ia communicated to the water ? An^. 102^ 03 cubic feet. 

48. Steam at 24 lbs. pressure is admitted into a cylinder above tho 
I>iBton 50 inch*a in diameter ; find the total prcsfiure on the piston 
{1} when there is a vacuum bdow ; (2) when the air ia freely 
admitted below, An^. 47124 lbs. : 17671-5 lbs. 

43. Steam of 30 Ibg, preaauro is admitted below a piaton 80 inches 
in diameter, and the atmosphere admitted to tho top ; find tho 
number of tons pressure to force the piston uj>. Am. ^W tons. 

50. Steam of 30 lbs. presaure ia admitted (1) to one aide ; (2) to 
the other, the diameter is 45 inches, and diameter of piston-rod 5 
inches, find the difference between the pressures on the upper and 
!ow^ aide of the piston. ^ Am. 589 Ihs. 

51. The ateam pressure is 40 lbs. per circular inch, what is the 
prEBfiure in tons on a 36 inch cylinder T Am. 23^ tons. 

62, If the pessure in the last question had boon 40 lbs. on tho 
square inch, tmd the total pressure. Am. 181764 tona, 

53. If the pressure be 60 lbs. on the squaro inch, how much la that 
on the circular inchT Atis. 47 "124 lbs, 

54, Tbo pressure of air is 14-7058 lbs, on the aquare inch, tho 
apecifio gravity of mercury it» 1359G ; find tho height of a columii of 
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5i2 al^r is^K^^AM. 

jnerrcury, wlio^e %aa& is oub squara inthj to corregponJ Witk ilis 
pre^ure of th@ atmoaphGre. 

Jjct a; = Iieiglit at Hie cdunm in incliei. 

Woiglit of 1 cubid inch of mcreury ^ . v*- oimcca 

^ 1359633 

55. Answer the iame queition as above, bnfc Bubstitnte pnte water 
for mercury, or aasuinQ a cubic foot of water to weij^h 1000 ouncei, 

^?i5, 33Sflf€«t 

56. Answer the ssme questioHj but eubatituta salt water, the 
speeific gravity of wMob b 1'02G7. vlra«. 33 feetj nearly^ 

57* An air pump ia 20 inchea in dkmeter, tind tho kngA of the 
stroke 2 feet 3 inches ; tha engine makes^ 4Q revolutiona per mmiTtet 
and its piston is coyerBd with waiter at each stroke to the depth of ! 
o! the atroku ; find the number of tona of fresh water lifted in in 
hour. 

Capacity of pump ^20^ x 7854x27. ^ 
Quantity raided at each stroko — 2CPx 7854 x 27 x |. 
<luantity raiBed in an hour ^ £0* x 7S54 x 27 >< S >c 40 x 60. 

Knu^bcr of cubic f<2et rai^dperbour^^ ^ ^^^^t^ gT^x S x4Q k GO 
^ 3x1728 

Weight of thk in tom^m^^ ^^^^^ -^^^f^^^^A 
^ 3 X 1723 X 2240x IG 

58. Yon ftre required to answer tbo aame question, but mtppc** 
it to bo a marine Kngino using ealt * water- j4jm. 224*4 Um* 

59, The air pump of a land engine w 24 inches in diameter, ite 
stroke k 20 inches, and it m | fuU at every planfije ; find the weigtt 
of water lifted in an hour when the engine ia maMng 55 strokes ^ 
minute. A7i^. ^Bf^tm- 

GO. In question 69 we will auppoae it to be a marine engine ; how 
many more tons would it have lifted in the time 1f 

^/Wf. 6-942TtwA 

61. The air pump of a marine engine li ^ inches in diamettar, a^ 
is f full at each stroke ; find the weight of salt water lifted m ^ 
'houra, when the strokes am 50 per minute, and the length of tie 
stroke 4 feet. ^fi^- 861&-9fl toca. 

62. What must be the diameter of an air pump with a stroNw 
39 inchea, | full at each stroke, and 45 rovolutioDa per minute, te 
lilt 300 tons of salt water per hour t Atis. 19^2 mM- 

* A cabic foot of nalt wiiUT ^€\-^^ tiV\U., ot mojw axjwllj, aa the ipede* m^ 
■fa 1 0307, it la B ieti1& ^^*» 't;^^^ '^ ^ tt^ViTaiTSCt Vi «£i.'&^^^l«, 
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^^, A» air pmnp is 15 incliea ia diameter and SJ f&et strokej and 
1^ full at each stroke ; what must he the number of revolutiotts l>cjr 
minnte to lift 220 tona of «alt ivater per houtJ AiJ^. lifh 

GL The water IoygI in a boiler ia 12 feet below the surface of the 
aei^ (fiE) What is the presfltire to force water into it? (6 J If the 
pre&aura of steam ia 5 Ihg. bow high will the water riae t 

33 feet of water — 147058 Iba, on the square inch. 

It will be more convenient to say, in, round numbers, that a 
column of water 33 feet hi^h^ givea a presanro of 14^ lbs, ou the 
Bqtiare inch. The tiaual rule la to aHow 34 feet, but it ia evident from 
tjiiestion 5(> that the correct number ia 33 feet when suit water is in 
question* 

(a) As 33 : 12 t : 14-75 : 6*363 lbs,, Am. 
' (7i) ^¥hen tbo st^iam presaee with 5 l\js., there ia left only '3C3 lbs. 
hydrostatic pressure to force in water — 

.\ Aa 14-75 : *363 : : 33 : "812 fe«t, Am, 

G5, A boiler or water levd in a boiler is 10 feat b*ilow the B"arfaca 
of tlie sea, the prcseuro in the boiler ia 8 Iba. of steam, what is tho 
force acting against hydKistatic proaauro in blowing out. 

Am, 3*53 Ilia. 

Cf>. Tho bottom of a boiler ia 9 feet below the level of the aeiv, 
snjipnse 2 feet of "water have entered it, what ia the pressure to still 
force w^ater into it ? A «j. 3 "128 lbs. 

G7. Water enters a boiler by meatui of a pipe from a tank, tho 
aurfaoe being 35 feet high, what must be the jjressure of steam to 
exactly counteract the pressure of the water ? Ami. 15' IS Iba, 

6S. A boiler 5 feet in tliameter is fed by an inch pipe, from a head 30 
feet nbove the levtil of tho top of the boiler ; find the hydrostatic pres- 
fiure on each, ciroular inch on the bottom of the boiler when it is fuH. 

Am^n-^ihs. 

69. A brine pump is 3 inches in diameter and 13 inch stroko, 
it makes 15 strokes per minute, bow much water will it extract 
from the boUer in an hour, being % full at each stroke ? 

Ans. 1837 'S3 lbs. 

Capacity of pump* ,..- .,... 3^ x*7854xl3. 

Quantity brine pump lifta at each stroke, 3= K ■7854 k 13 x J. 

Quantity per hour in Iba., 3* x 7S54x 13 x|x l5x CQx G4 

1723 
= 1837 '83B Iba. 

to. Find the volnme of water that will be lifted in S hours by a 
Ibrine pump under the following circnmstanees r 3| inobea in diameter^ 
length of stroke 12 inches, and 10 strokes per minute, § full. 

Am. 153-393 cubic feet. 

71, The level of the water in a marine boder is 10 feet below the 

surface of the sea, the pressure of steam is 24 lbs,, (a) What force 

will the steam have to expel the brine 1 {b) Can it drive out all the 

water^ if wiiter in boiler is 3 feet doep ? 

Am, (a) 473 Iba. {h) Yet. 
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(a) At 10 feet deep pfrBssTire of watef ilf— 

M as ft. : 10 ft. t : 1475 lbs. : 4460 Iba. 
But preaaure if column of air ia 14-75 ITm. 

. \ Totia presBTira at 10 ft. iB= 10'21O. 

. \ Toiyje to expel bme, =24- 10*219=4781 lU 

ih) At 3 feet deeper or at 13 foet pressure of water m-^ 
Afi 33 ft. : 13 I : 1475 ; 6-81 lbs. 
,V Total preaeureat 13 ft, =20^S1* 
.\ Force to expel brine is -24-20'81 = S'19lbB. 

72. The Burface of tlie water in a marioa boiler is 9 f&et below tfae 
ica, tbe steam pressure is 174 ^^* S when tlie blow out cockA ire 
opened, will water enter or wiB the brine be ei^peUed, and wliat \& tho 
force to dothja, {l)^% the commencement of the action? (2) atthe 
end t How long wiE it act ! 

Jiff*. Water will enter with a presitiiift of 1-27 lbs,, and will contmue 
till it rises 2*84 feet. 

73- The pr^sure in a boiler is 14 Iba* aWve the atmosphere, wtat 
is the force to blow out when the level of tlie water in the boiler ii 
8 feet Mow tho aurface of the sea ? Ans, 10'^ Ibf, 

74. The lever of a safety valve ia Ifi inches long^ and the spieillo 
acta at 4 inches from the fulcrum^ the diameter of the valve i^ 
4 inches ; find the weight that will allow the valve to begia to ^t 
when the ateam pressure in the boiler is 45 Iba. 

Area of valve,.... , .. = 4^ x 7854. 

Preaaure to oppose the atmosphere, .*.*....., — 45- 15=30 lbs. 

Pressure on the valve,,, — 4* ^ 7&54k30. 

Moments of the pressure about the fulcrum = 4* x -7B54 x 30 / 4- 

„ „ weight „ „ =Wxl6. 

By the caidition of th^ queaticn thcae two are equal— 
r, Wxlfi = 4' x78.'Hx30x4, 
.\ W==t>4 24Slhe. 

75. The lever of a safety valve is 30 inches longn the spiiidle of the 
valve acta at 3 inches from the fulcnimj while the iliaiieter (»f thu 
Talve is 3} inches the welglit i^ 45 lbs., Bud the presaui^ of sbeva 
above the atmcsphore when the valve begins to act 

Area of the valve, ,.. -3^^ x 7S54. 

Moments, if pressure is x lbs., = 3*5* x 7S54 x z x 3. 

J, of weight = 45 X 30, 

r. 3'5» X ■7654x35x3=45x30. 

.^^ 45.30 ^^ 

3-5' x7at54x3 

76. Find what weight must l>e attached to the lever ef a safety 
Talve 28 inches long, weighing 6 lbs., when the valve ia 1| Ibi, 
freight, with & diameter of 3 innhcs, and its spintUe acting at 4 inchtf 

irom. tie fulcrum* Pre^fflQiG <il s^aaaffii.mt^jia'Wiikt being 55 Iba. 



Moments of efceam acting oavalve, ,.... -^ x -7854 >( 40 x 4 

„ valve,, t ►*►..*...>..*.....*,..,*......... = li>? 4. 

^ ^ lever acting at its centre of gravity, — 5 ><; 14. ^M 

„ the weighty , ..-Wx28. V 

.'. Wx 28 + B>t 14+14 x4=S« x*7854>£40x4 
, ^^ 9x-7S54x 4 0x4^7C ^g^,gy 1^^ 

Tt* Tind the diameter of a safety valve which acts at SI inches from 
the fulcriim, the arm m 24 inchea Icmg^ and the weight 80 lbs, , sjid 
|iresaiire of ateam 75 lbs. Am. 3 '4 inch<J8. 

7S. The lever of the siifety valve is 26 inches long, the area of tlie 
valve 16 aqnarc inches, the wcit^bt is 75 lbs. ; at what distance should 
the valve spiDdle act, so that the valve shall lift with a preHsnre of 
55 Iha. of ateam? AtiA^ 3 047 inchea. 

79. Tiie lever of a safety valve is 30 inches long, the diameter of 
valve 3i inches, and spintUe acts at 3 inches. The weight m 60 Ibg*, 
what wQl be the pressure of steam when it begins to act 7 

Am. 77'3lb€, 

SO. Find the weight that must be attached to a safety valve at 21 
inches from the fidcnim, w*hen the valve weigha 1^ lbs, and acts at 
3i inchos, wbiltj its dmmetor ia 31 inchea, the hjver of the safety valve 
weighs lbs*, and pnesautia above the atmosphere is 40 Iba. 

Am. 52 05 lbs. 

SL A 3| inch valve weighs 2i !hs,, and acts at 4^ inches from the 
fiilorum, while the pressure is 5 atmospheres and the lever 21 ijiche* 
long, weighing GJ los- j required the weight that fihall just begin ta 
act nndcr these circumstances. Ans. ISO'S lbs* 

8*2. The pressure in a boiler is 36 lbs. above the atmosphere on the 
circular inch, required the weight to be attached to the arm weagbin^ 
8 lbs. and 30 inches long, when the 4 inch valve acta at 3| inches and 
weighs 3i lbs. Am. 62*79 lbs. 

sS, Find the nominal horse-power of an cn^ne of the followinjg 
dimezisions i tho diameter of the cylinder is 25 inches, the lennth^d 
the stroke 3 feet, and the number of revolutions 55. In calcolattng 

I the nominal horse-power of an engino the pressures is taken at 7 Ihs. 
Area of piston, ..,.. 25^ x '7854 

Ij Preasii re on the piston, . , 25 * x '7854 x 7 

1^^ Number of units of work in one 

^H revolution, ::= £5= x 7854x7x3x2 

mm Kumber of lbs. lifted 1 foot ] 

F Or?^uX."?tit;-of w«k =25.x7854x7x3x2x55 

' done per minute, ...h......... ) 

^ 1133921 25 
It is allowed tliat a horae can do 33000 units of work per nmmtfl, 
or oan lift 33000 Ibsn 1 foot high per minnte, 

.\ H.R = g^pj — = 34 36, Am. 




■ 




84t The rule l«r finding libe nomSnal liorsa-powcT of an engine ill 
mtihlily ^e anitwrt ^ tii© diameter by the epeed o£ the piMon, tuiit 
dirids flio prtKluct by tSOOO. Prove this. 
Let d — diiuaetcr of tho piston, 

f — the length of tbij stroke in feet, 
n = the numbt?!- of revolutions per minuto. 
Tbe epeed of the iiiston is^ ? x 2 x ft. 
Atgo, c/f piHton=»' X *7SM- 

, \ Unita of work done per minute = d * x '7854 x 7 x (ix 2 x w) 
d^>c7aG4x7x(?x2xyi) 

^H d* X '7654 X 7 X speetl of piBton 

■ - 33000 

^1 •(2*xi^eedof pMott , ^ ^ 

I ^ 6000^ <^*^ "^^>'> 

for '7S54x 7 will go into 33000 (very nearly) COOO tiine^. 
Hence the rule. 
85. Find the horee-power of a direct actiug blowing engine, wiiU 4 
cylinders, diameters 4 feet* etroko t> feet 6 inches, pressurtj CO Jbe.j 
number of etrokea per minute 15. 

Areaof piBtQna (4), - 48^x *7854x4 

Speed of piston per min., ^ 6i x 2 x 15 
Total pressure on the pia- 

tonV .._ = 4S*x*7S54x4x6& 

i. ". Units of %f ork done per 

minute* =; 48» x '7S54x4xeO >; GjxSxlS 

H TT P - 48;x-7854x 4 >:60ke|x2xl5 

W **' ^'^' ^ 33000 

~25&^'2B, Ans. 
"^ 86. A portablo engine has two cylinders^ -tvitk 9J inch diamctefit 
knd 14 inch stroke, the prcEstire of steam at tyhich it is nan ally worked 
is 42 Iba^j and the number of strokes per minute ^9; liud the horet- 
powor, Atif^. 25 25 H.Pf 

87. A marine engine has four cylinders, e^h of 50 inches in dinr 
meter and 4 feet stroke^ the number of roTolUtiona is 52 per mimitCi 
and the engine is worked at a pressure of three atmospheres ; M 
tiie horae-power, Anx, 4455*3G h,t» 

88. An engino with one cylinder of 3 feot diameter, 5 feet stroke 
d^d 25 revolutions per minute, is worked at ft pressure of 30 lbs. <J0 
the cireiUar inch; tipd the horae-power* Ans. 204*54 H,t, 

S9. An engine with two IS inch cylinders and 2 feet inch stroke i* 
lequired to do work ccjjial to 1 50 horse-power, when the number <ii 
fevdutiona is 40 per mmute ; what should bo me steam pressure T 

Aim 481Slb8, 
90. What must bo the diameter of a cylinder to develop 100 hoifC' 
power with 4 ket etokej 45 revolutiaflB^ and SO lbs, pressure ? 

Am. 12-07 miih^* 



91. Fine tbc nominal horae-power of a pair of eBgines, dismeter of 
cylinder 10^ inches, stroko !§ feet, nwnber uf revolutions 120. 

Am. 147 n.F. 

92. Tlis diameters of the two cylinders of a marine engine are tiO 
inchea eacli, the length of the stroke 4 feet 4 incbea, ajid the number 
of strokes pet mijitite 40 ; iind the nominal horae-power, 

Aii^. 410 b. p. 

93. If the cylinders of ^ loeomotivD are 12 inehcs in diameter, !8 
inches stroke, and make 40 strokea per miiiute, while the m-eBsuxc ia 
70 lbs. iJcr square inch; what ia the horse-power ? Am. 57^57- 

y4. Steam at 60 Iba. pressure is admitted into a cylinder feet 

long, and cu% off after 2 feet of the stroke have been performed : (1) 

find the terminal pressure; (2) the average pressure throughout the 

6trt>ke. 

We have always this proportion^ 

Initial pressure _ Whole stroke 
Tenmnal prtjasuro 
. G0„6 



Put of stroke 



Or we may take the following rale for finding the terminal 
pressure; The terminal pressure ia always ei^ual to the imtial 
presanre maltipHed by the grade of expansica. 

To find the avcra^ pressure — 

1. Pressure during 1st foot of stroko 

2. ■„ ,* 2nd „ ,. =60 



3. I, „ Srd ,i „ =.^)<(jO=40 

4. „ „ 4th „ ,, ^1x60^30 
a „ „ 6th „ „ =^x 00^24 
6. „ ,j 0th „ „ ^ :=fxGO = SO 

6)234 
39 lbs* 
(The average pressuJe is therefore 30 lbs, 
ji total I, „ ,, 234 lbs. 

,^ termmal^ „ „ as before 20 lbs. 
We may also Iind the steam preeaure by Simpson's rule, wliich ia li 
hearer approjtimatioTL 

Let A D represent the cylinder in this queation, B D the length o£ 
the stroke, (J feet. Let A B represent 00 ma-, then e 1 and/ 2 repre^ 
sent CO lbs, pressure ef steam, Whea the piston gets to r? 3, tha 
steam expanding from / tc* jj will fill a space haK as large again^ 
.\ the pressure wiU he §xG0=40 lbs, So take n 3-40 it wi^ 
represent the pressure of steauL When the piston gets to A 4^ it will 
fdl double Ithe space, , \ the pressure will bo ^ of 60 = 30. Let 
wi 4 ^ 30. On the same principle o 5 and p 6 are respectively 
24 and 20, Draw the curve thraugh the points, it will repro- 
jaent the falling pressure of steam. The ctirve itself is an 
hyperbola. We also &6e that by giving the steam a great iuitiaf 
vclo^jltyj the actuid preflsiire of -whiSi ia oaly pQqt pJ^j it has been 
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nude to do wofk equivalent to 39 lbs. of steatti, (vr, say, a ^. Hi^ 
ot^dbuics, tlicTi, now represent oiu" eteam pressures. To find tlieif 
sum we hare — 
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Simpnon's Ihik: To tli© Bum of the e^rtrcme ordinate^ &M lour 
timea the wma of the even ordinates and t^ ico the sum of the oM 
ordinates. This sum, multiplied by one-third the tommoa distance 
between the ordinates, will give the area (of the figure fp D^^j and 
therefore the total ateam pressure), 

Area= i j 60+20 + 4 {40 + 24) +2>;30 [ t^U± 

Work done before steam was cut off ^2 x 60 = 120L 
. ■. Total work done = 132 + 120= 252. 

. \ Average wo:rk done= ^^V^ =42 lbs. 
o 

In the ehapter on De Pambonr's theory we gave eome rule» for 
finding the work done on a piston on one stroke. To show what & 
near approidmation Simpson's rule gives we work the ^ms question 
by thoflu lulea, 

Unita of work done on stroke of piston ^qp (l + Iog* i) 



^2x60(l+log.^3) 



^ 120 X 2-0986123 

= 251*S3347e 
95. In a compound twin screw en^e steam la admitted into the 
smaUer cylinder 44 inches in diamet«(r, and cut off when 1^ feet of 
tho stroke are x)erfomied ; the length of the stroke is 4 feet. The 
steam then enters the larger cylinder, 50 inelies in diameter^i and 
in wMeh we will suppose the avorago prtisfiure is 43 lbs. ITind tte 
horse -power when steam at SO Ihg. imtiai pressujie enters the tot 
cylinder. The revolutions are to be 40 per minute, 

\ Orade of expansion = ^* ^ |. 



I 




QtJBSTlQjS. 
To find average pressure m the waaller cylinder- 
Work done in the 1 at LaJf foot of the stroke 
It ij if 2nd ,^ ,1 
ft ji ti 3i^ i» II 



4th 
5th 
Gth 
7th 

ath 




= }x60 
= 8x80^ 



3y Simpson'a role tho total proMurg will be* ' 

= 80x3 + J j 80 + 30 + 4 (60+40) +2 (4S + 34|) I 
=M) + 224?=445f 

,*. Average pre3aure=3^=55f Iba, 

9 

Although half ^ foot h the common distance between the ordbatea, 
the relative unit of clistaiice 13 one, so we therefore mtiltiply by ^ and 
not A. Consifier the stroke as S feet, and the reji^ouing is aeen 
perhaps better, 

SeeondLyf we have the average prosfiuro in tht* larger cjrlindor 
given as 43 pounds- The rijaaon wny we asaumc it ao ni^^h la^ that 
the vacuum la always oiccocdingly good in the larger cylinder, and 
each cylinder ia generally arrangeil so aa to give the same horse- 
power. Of conrao the steam wiU enter the second cylinder at aljout 
30 ponnda pressTirej which, with the vacuum and not cut off, would 
give something about the pressure we have assumedi namely^ 43 Iba, 

Thirdly, to Jiud the horae-power developed in each cylinder, 

H.-P. Of smallsr oyliadM=*^' "" •7854x2x4x55^x40^ ^^.^^ 

iL-r. Of larger cylinder =^' ^ '^^^^^^^^818-72 
,-. Total a-p. = 1642-309/ 

nS, A oompoand engiuo baa two cylindera of 60 and 90 tnclics in 
diaineterj the stroke ia 5 feet, and the number of revolutions 1K> per 
minute ; find the horse*i)ower, praasure being 84 lbs., cut off at one 
foot in smaller cylinder, and allowing the average pressure to be 23 
m the larger cyhnder. 

The average pressure (to be found by the student) ia 44 "4 very 
nearly. Aiis. 2232 "51 + 2fi00*3a = 4942 '87 h- -p, 

* This in nflt A oaao in wliich SIiT)[]pn'a mis Bhoubl h£t iippHecI, tui there ahould 
proper]/ be &ti odd number of ordLnatea when the mla U u^il ; but we hn^e 
T«iattirad to mpp\j it liere, m tkt wroi caouot uowibly amcmnt to mor^ ihaa. a vorj 
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Rnppoa6 wo have a compound ongiue of tHe tdUammgi 
MiohBt etc,, tinil tbo si.-r. -.— 

IKttBictor of oyUndcra, „.,..„. ,..,..40 in. and 70m 

Length qf atroke........... , 42 in, 

Kumbcr of ftvotuiiomj , , , .40 

Initial preMOie of jateam,,... GOlhg. 

Steam ia cut off in the smaller eyllniitix' at 1^ feet, and we will 
eUow the aYeroge pressure to lie 20 lb&, m the larger cylindGn 

Am, PreaBore is 47|l Iba., Bay48| horae-power 5ll"79+653'07= 
1 164*80. ■ 

D8, A Btationaiy cn^ne has a cylinder 24 inches m diameter, tbft 
frtroke of the piat^^n ib 3 feet, pressure 100 lbs., and number of R?- 
volutions 80, Find tha h,-p, vnon the grade of expansion is }(, 

Aim. 463 or 4001 mv. 

09. Find the nominal horae-power of a pair of ecgiiies 6 feet sttokc, 
36 inchea in dianneter^ 46 revolutiouB. ^ An^. 119 "23, 

100* In a locomotiv© engine the steam ia cut off at J strode, tti 
length of fltroke ia 24 inchee, the diameter of caeli cylinder h 15 
inches, number of revolutions of crank 50, and initial pressure al 
steam 80 lbs. ; find the horse-power. * A m. S3i. 

101. A blowing engine has 4 cylinders, diameter 40 inches, strtiliu 
6 feet, grade of expansion fth, nnmber of strokes 18^ aaid pressure of 
Hteam 25 lbs. ; find the horsG-;^owcr, Am. S&9 47. 

102. A cylindrical boiler Witli flat en^ h 2S feet long^ 5 feet in 
diameter, and has two flues ruimiag through its whole length, eJu;K 
2 feet in diameter ; find the whole pressure of steam on the interual 
Burfaco of the boiler when the steam gauge stands at 40 lbs* 

The surface of the shell is = B x 3*1416 x 25. 

„ „ twolliiGs-2>£31410x25i<2. 

„ „ und3 = (5^^2x2=^)>£*78Mx2. 
% Whole internal imf ace ^25x3i4lG(5+4)+nx *78ij4>;2, 
==25x3l416x9 + 34x-7e54. 
= 733-5636 ft. 

.\ Total preBiura in tona,=??i^55^^I^^=lSC6*30C4 U^m. 

103. A cylindrical boiler of 3 feet in diameter, 14 foot lotig, has an 
internal tube of 1^ feet diameter. If the steam pressure is 30 lli-t 
find the whole internal pressure in tons. 

Ans. 40215 tOBi. 

104. A cylinrlrical boiler is 40 feet long and 3 feet in diameter, it 
has two interanl fines running through its whole length each 24 feci 
in diameten Suppose the -water averages a pressure of 1^ Ibe, cj^ir 
the whole surface, and the steam 40^ lbs,, find the total iiitemjl 
pressure in tons, 

jlm 4629 ^220 tcflO. 

» rwsffoie la tovmii aa itk^x. ^V. ^Tja^iiftTJa rule dosa not ^^j. 
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* 105, In a tTibdar boiler there are 144 twbea, eacli 21 mclioB in 
diameter, and 10 feet long, iiiid the Ainoimt of heating surface if th^ 
ioating surf a^>e around the fir© hoi be 40 feet 

Hoating Burfa.^ of 1 tube - ^^ ^ ^^^^^ ^ ^^ 



13 



feet- 



144 



2'S5x3-l4l6x 10x14 4 



12 
= S^tS'232 feet. 

To ih\^ mU surface around the fire Tiox - 8Sfi'232 feet 
lOG* In a, locomotive boiler tliero are ItJO tubes £Mj inches long and 
IJ mdiealri diainet,er, find the total heating surface of the tubes. 

Am. 502"tt5C ft. 

107* Bteam is nfled by an engine at 30 ITm, pressure, and ent off 

at ^, find approximately the aaving per cent, by working expansively. 

Let ua suppose stroke is 8 feet, we must find (1) tenmnaJ xircssure, 

(2) avers^ presstire. 

Terminal pressure =:: J >: 30 = 7^ lbs. 

L Preasnre during first foot „ ....30 

eceond ^, .>....30 (!) 



a 

4 
5. 

3. 



third 

fourth 

fifth 

$ixth 

Beventh 

eighth 



§x30..., 
ix30 .... 
fx30... 
1x30 ...< 
f k30 .-. 
^x30..„ 



.=20 
= 15 

.=12 
= 10 

.= 8^ 



(4) 
(U) 



Total pressure == 30 ;^ 2 + J j 30 + 7i + 4 (20-f 12 + SJ) + 2(ia + 10) [ 

= 60 + Saii = MSHnearly). 

.\ Average pressure = -^ == iTfJ. 
8 

. l^ow had steam been admitted throughout tha whols stroko, its 
average would have been 30 lbs. 

.-. Out of 30 tbora is saved 30- 17^ - l-uV 
To find gaiu per cent— As 30 : 100 : : 12^ : 40^, Ans. 

There was no necGasity to have foiand tbo avorsgo pressure, we 
might have reasoned thus ; 

If steam had been contmTiously admitted, total pressure would hriTo 
been 30 x 8 = 240. But hj expansive working, total preasujro = 143i* 

. \ Out of 240 we gain 240 - 143i = 96^. 
As 240 : 100 : : Oti^ ; 40t;'V, aa kifora, 

lOS. Steam at 50 lbs. pressure is admitted into a cylinder 6 feet 
long, and cut off at ^ stroke, find approximately the gam por cent, by 
roaaon of expansive working. A^i^. 30. 

109. Steam at 45 ILs. preasuro la admitted into a cylinder 4 feet 
longt and cut olf at J stroke, fmd the gain psr cent by working 
cxponaively* Ans, 15 '5. 



1 10* The temunftl preiinTO is 40 lbs., wliat was ibo initial preaBrat 
if the stroke k 5 feet and fite^un ia cut olf ^t ^ stroke ? 

^a*. IGOIU 

ill* The stroke is 8 feet Itmg^ the initinl pressure 120 lbs., m\i 
tctrmiaal tHftssure 50. at what point ol the etroko waa steam cut olTlf 

jm ^ a 

112. WiAt WHS tbo length of stroke when initial preesmre was 
80, termuial preaBure 45, and stcum cut off at 2 feet? 

113. The pitch of <i setew propoUer k 20 feet^ and the diameter 
IB fcietf fiitd the ai3gle> 

Tan, of ai^fik = . ^'^^^ = ^^ ^—10 

Ug. 10... „..„„.= lOOOOOO 
Log. 28"2744......^ 1 '451303 

Log. Tan. IS'^ 28' = ^ 548607^ 

114. Find the ajiglo of tlie screw propoller of the *'SLinooD," -wbci 
the illaii>eter is 16 feet, and the pitch 20 feet Am. 21" 41'. 

115. Find tbe^gle of a screw when the pitch ia 20 and thecii^ 
cumfereuoe 20iy/3, Am. 30** 

1 1 G. "WTiat angle has that icrew whose pitch ia equal to the circam- 
ference ? ^ Am, 45*, 

117. The thread of a bctc-w ia to the pitch as 2 i 1, find the 
inclination of the screw^ Aujt. 6lf. 

118. The oircnrnforence of a ecrow is to the pitch aa \/10+2^ 
::\/5-L Find the angle. Am, l$\ 

110. The pitch of a acjew i& to the thread as V5-l is to 4, M 
the angle. Am. ir, 

120. Find the pitch of & screw propeller when the angle 13 Sff" and 
the diameter 16 feet. 

Taru 20' = ?^ - ^^^'^^ 

Circumference 10x3*1416 
. \ Pitch^Tan. 20 x 16 x 3-1416 

Log. 16 = 1-204120 

Log. 3 1416 = '497076 

log, Tm20^.. = 9^601066 
Log, 18-20 .. = 1-202262 

121. Find the pitch of a screw propeDer, when the angle is 2S' au^ 
diameter 15 feet. 

122. If the diameter of a propeller he 16 fect^ and the angle 2r W, 
what ia the pitch? 

^ Am. mm ft 

123. The pitch of a screw is IS feet, and the numhcr of revolutioiw 
70, how many knots will the ship go per hour, making no allowa&M 
for slip? 
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At each turn of the screw the ship advances 18 feet. 

. '. The ship advances in one minute 18 x 70. 

„ „ „ hour 18x70x60. 

. •. Number of knots per hour = ^^^g!^^ = 12-43. 

124. A ship has a prOT)eller making 55 revolutions per minute, the 
pitch of the screw is 20 feet, the slip 15 per cent., find the speed of 
the ship. 

The speed of the screw per hour = 20 x 55 x 60 feet. 

„ in knots = ?2il^^i^ 
Taking off 15 per cent, leaves -^V 

.-. Speed of the ship per hour = ^^^^^^^^ = 9-22 knots. 

6080 X 100 

125. A ship is required to steam 12 knots per hour when the screw 
is making 75 revolutions, what must be the pitch of the screw? 

Let X = pitch of the screw. 
The velocity of the screw per hour = as x 75 x 60 feet. 

ajx75x60, .„ 

» »> » = t:^^ Knots. 

' 6080 

.'. gx75x60 _ j2 
6080 

.-. a. = l^ii^= 16-21 feet, ^n.. 
75x60 

126. Find the pitch of a screw to proi)el a vessel 10 knots per hour, 
when the screw is making 72 revolutions per minute, after 12 per 
cent, has been deducted for sUp. 

The slip is calculated on the speed of the screw. 
To obtain these 10 knots, 12 per cent, or ^V = A ^^^ he&si 
taken off the speed of the screw. 

. '. This 10 is only |^ of the speed of the screw. 

. % Speed of the screw = 10 x |f = 11^ knots. 
Then as above 

^2^^^ = 11A .•.x= 16 feet (nearly). 
Or we may reason thus : 

a;x72x6Q __ 12x100 
6080 88 

I. «., we take the 12 from 100, which leaves 88 or •^7. 

127. Bequired the pitch of a screw propeller to drive a ship 14 
knots per hour, when the engine crank is making 40 revolutions, and 
the multiplying gear is 2*3, and the slip is 20 per cent. 

Ans. 19-27 feet. 

128. What must be the pitch of a screw to drive a ship 13 knots 
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per hmr, ^tp 15 per ceiit., number of reTdutionfl of ciaiili 42, w^iiai 
111 the multiplying gear the larger wheel has 120 teeth aiid smalleT 
55? Aii^. U'di^l 

129. Hctiuiretl the &pet^d of & &hip when the pitch of the screw is 
20, the nuiuber of refvtilutioiis <)5, and the slip 25 per cent. ? 

Am. 9-63 knots, 

130. Tho diameter of a padtllo wheel ibould he tarn times tta 
length of the stroke ; fmd the dmmeter of the paddle wheels worked 
by engines with 4 feet 3 inche», 5 feet 4 inchea, and 3 feet 10 incbu 
stroke. Am. 17 feet, 21 i&tt 4 inches, 15 feet 4inche&i 

13L The crank of au engine ia 3 feet 2 inches^ find the vdtxaty 
of the ahip m knotti when the paddle wheel is properly proportiunel 
to the crank, the number of revoliitions 15 per minute, antl the 
width of the paddle hoavde *2 feet 3 iiiohes- The centre of presBtiTB ia 
Bitniited at oue-third the width of the Jioat from the outer edge^ 

Ffc. 111. Ft. In, 

Piameter of eiFectivc workmg wheels 3 2xS-2xJj<2 3 

Ft. In. Ft. In. Ft. In. 

, ^25 4- 1 G-23 10 

, % Speed of ship per minuter 28^^ x S'HIG x 15. 

. -. Speed of ahip per hour m knots^-^^^ 'f '^^^^^^^. 

= 11-08, Am. 

132, The diameter of a paddle wheel is 24 feet, and the nnmher of 
revolntiona !5 p^r nimutei find the speed of the fihip when the 
width of the paddle boards is 2 feet 6 incbea. Afis. 10 "4 knots, 

133. The crank of an engine is 4 feet, the paddle wheel h properly 
preportioned to it, the revolutions are 12 per minute, and the width 
of the paddle boarda 2 feet; find the speed of the ship. 

Anfi. ll"4knoti. 

134 The diameter of a paddle wbed is 21 feet, the width of tlic 
1 loards 1 foot 6 inehea, number of revolutions 20} find the speed of 
the ship when alip h 15 per cent, Ans. 10 "5 kneta- 

135. Suppose the diameter of a paddle wheel is 24 fetst, the widtli 
of tlie boards 4 feet, numher of revolutions 16; find the speed tA 
the ship when aUp is 12 per cent, Atvi^ U 31 knjot». 

13^t). A steamer is going up a river down which the tido is coming 
at 3 miles an honr, how f iist most she steam ? 

Am. The most economical speecl is half as fast again as'^tlie tide, 

. ■- Speed = 3 X 4 ™4i miles, and x>rogresa I:^ miles per'hctif* 

137. A boat is steaming np a river down which a IIocmI is coming 4 
miles an hoar* how fast must slie steam t ^ Ana. 6 miles an hour. 

138, The level of the water in a marine boOer is 9 feet below tlie 
surfjiee of the sea, the pressure of stream is 21 lbs., the liepth ctf 
wr.tcr in the boiler is 5 feet ; wh.^t depth of water will be driTcii 
out by the force of ateam if blow out cocks are left open If 

Am. There will he '5S feet left in. 
no. The fte^im x^\^.e \eci.^m^tt] one of Hornblower'a Yidve^ ii5 
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inches in diameter ; find the lift to allow a free passage cf steam if 
the valve be 9 inches in diameter. 

Here the area of steam pipe is 9' x 7854 ; and this volume of steam 
most have free passage round the circumference of the valve. 

. '. Circle for passage of 8team=9 x 3*1416. 

Let h be the height, then 

9 X 31416 xA=9»x -7854 

140. One of Homblower's valves is 10 inches in diameter, and the 
steam pipe leading to it is 11 inches in diameter, how high must the 
valve be lifted to allow the steam to pass freely? 

Ans, 3^ inches. 

141. Find the lift of a Homblower*s valve, the inner diameter of 
steam pipe being 8 inches, to allow a free flow of steam. 

Ans, 2 inches. 

142. The feed water of a boiler was supplied at a temperature of 
15" at the rate of 85 gallcns per hour ; a feed water heater was 
introduced, and then it was supplied at a temperature of 85° ; find 
the units of heat saved in 24 hours. * 

To each gallon is supplied 85** - 15** = 70^ 

A gallon of pure water weighs 10 lbs. (salt 10*27 lbs. nearly). 

. •. As each lb. of water is raised in temperature 70**, the saving in 

each gallon is lOx 70=700 units. 

. *. In 85 gallons, or in one houi', 

the saving is = 85x700=59500. 

. '. In 24 hours the saving is 59500 x 24= 1,428,000 thermal units. 

143. If the engine in the last question works 10 hours per day, six 
days a week, how many pounds of coals are saved in a week ? 

The combustion of a pound of coal produces 8000 thermal units 
and as a thermal imit is the heat necessary to raise a pound of water 
l** C, we have from above — 

Heat saved in 1 hour = 59,500 units. 

„ „ 10 hours or 1 day = 595,000 

*„ „ 6 days = 3570,000 „ 

.*. lbs. of coals saved = ^-^ = 446*25 lbs. 

= 4 cwt. nearly. 

144 The feed of a boiler was 15 cubic feet per hour, find the sav- 
ing effected in a week of six days, 10 hours per day, by using a fefjd 
water heater that raised the temperature of the water 60° C. 

Am. 421^ lb3. 

145. A boiler evaporates 20 cubic fset of water per hour, the teed 
water heater raises the f aed through 75° of heat, fmd the saving in 
100 days of 12 hours eich. Ans. 14062*5 lbs. 

146. To find the specific gravity of steam and weight of a cubic 
foot of steam. 




An inch of water produces 166^ cubic iQclaea of steam at atao" 

Weight of iui incli of water - 4nf S^: = oz. 
, *. Weight of lt5<>l> cubic inches of Bteam = |^|| 
« * I* * ft If — iTTixiiniT 

= -5991 OK. 

Now, &3 water in 770 timea leavier than air, and the specific gnsvifrf 
of ^a«fts hav(5 air for their stand iird, .-- specific gravity of steam wiH 
be lound thua i— 

A cubic foot of ftir weighs VtV " 1*2§87 oz. 

If ffpecific gravity of air weighing 1'29S7 oz. is 1, what is the 
apeciflc gravity of utcam weighing -5991 oz. ? 

Aa 129S7 : '5901 : : 1 : *4G13 apeciflo graYity of steani. 
Bourne givcB specific gravity of steam as "481. 

147. The diaiiieter of a iteam-pipo ia 10 inchea, the two eqnllibriiiin 
VEtlvea measure 9 and 9i inches in diameterp find the lift when folly 
open to j^team. 

Am. 1 '35 inches. 

148. Give a g^^neral proof of the rule for finding the weight to be 
applied to a »af ety yqI^ <?, — the length of the valve, the distance of the 
spindle from the f ulcrunjj the weight of th© valve, aiid the wt'iglit uf 
the lever being known. 



W 



H 



Let A F be the lover of the valve, with ita centre of gravity at G 
and f ulcnim at ]P. 

Lot 8, between C and F, be where the valve acts on the lever. 

Taking the moments about F, and supposing d to be the diametfir 
of the vuive, and p the pressure of steam above the atmosphere^ w 
have — 

Letting W be the weight, and w that of the lever, ajid W that of 
the valve. 



W 



(d^x^)ip - W)SF - wCF 



AF 



Or given the other elements, the quantities d orp may be found. 

149. Show generally that tUo most economical speed to nm ia* 
tide way, or against a stream, ia half as fast again &s the stream, 

Lut X ^ the speed of the shij^ per hour. 

„ V ^ the velocity of tho tide or current per hour. 
- '. x-v — the ^To^esa ^sa,^^ ^i^ the ship per hour. 
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Kow the consumption of fuel varies as the cube of the speed, or 
as a;'. 
Let the consumption be c as'. 

. '. Consumption for each mile = ^-^; this is to be the mpst 
economical consumption. ^ "" ^ 



23-17 

Differentiating and equating to zero. 

3 c x^ {x - v) d X - cx^ d X _ Q 

{x-v)^ 
.'. Scx^{x-v)-cx^ = 
.-. 3(a;-v)-a; = 
2a; = 3t; 

05= — 

2 

150. Find approximately the surface of a screw blade. 

In taking A B as the pitch, B C as the circumference, and A C as 
the thread, it is very evident that if we consider the blade to be 
made up of a very large number of a 
triangles, placed side by side, and that 
the part A B C is then taken away, 
leaving AC to form the blade, that 
if we could find the lengths of all 
the lines corresponding to A C, their 
sum divided by their number would 
gjive an average length, which, mul- 
tiplied by the radius, must be the _ 
approximate area of the blade. In ^ 
practice, it is usual to find only three of these lines, and then divid- 
ing by threCf and multiplying by the radius, gives the area of the 
blade. A B may be considered as the length of the screw to obtain 
the approximation. 

In the above figure let us suppose B C is bisected in D, and A D 

t'oined; then AC represents the longest line on the surface of the 
dade, A B i^e shortest, and A D an intermediate one. 

...Area = 41±A^±A£xr. 
3 

151. The diameter of a propeller is 12 feet, the pitch 14 feet, and 
the length 2 feet ; find the surface (1) of one blado, (2) of two 
blades, (3) of a complete screw. 

B = 31416 X 12 = 37-6992. 
A B = 14 and D B = i of 37 6992. 
AC = AB« + BC« = 196 + 1421-2296 = 1617*2296. 

.-. AC = 40-214. 
AD^ = AB« + BD« = 196 + i of 1421-2296. 
.-. AD = 23-479, 




4M, 



AB=14 ^^^B 

AD = 2;% '470 ^^^H 

^^ AC ^ 40-214 ^^^^ 

^m 3)77m^ 

^B 'fi5'897 

■p s 

Sq. ft* 155 '38 — area of complete screw, 

Am the length is 2 feet, the area of on© blade = yt ^* ^^^ wbcle. 

< ". Area of one blade = | x 155 '3S = 22^9 sq» foet. 
„ two blades = 44 '30 e<[. feet. 

152, Tind the arM. of the two bLodea of a propeller of the foUjoW- 
ijig dimenaiom j — 

Diameter = 15 feet 
Pitch - 20 feot. 
LeEgtU = 3 feet 

-fl/is, 76 57 sqnciTefefit 

153. Find tho area of the two blades of a propeller and of tbe 
complete acrew, when diameter is 16 feet, pitch 20 feet and leo^h 
2i feet. ^?i*. 70'8 Etnd 283^2472 aqunie fe<3t. 

154* Find approximately the area of the blade of a propeller, IS 
feet in di;itii@ter and 21 feet pitch, when the length ia ^ of tne pitch. 

Ans. 49 -94 atjuatie feet 

155. Find the horse -power of an engine of the foUowing ^mm- 
6ion3 1— 

Diameter of two cylinders, 70 inches* 
„ trnnleH, 20 inchea. 

^^ Length of stroke 6 feet, cut off at J, 

^H Pressnro 60 Ibe., number of revolutions 45. 

PP Aiis. 424M6 or 4854 '69. 

156. Obtain the nsliai expression for the locomotive pcrforsQSiiic« 

of marme engines, vi2., — . ■_ 

S^how from your inveBtigation "IHth what limitations you may 
ftpply it to meaaure the perftrliiimce of different shipa (I863)» 

Here tf ii the speed of the veseeh 
„ D ,, diaplacement. 
„ I „ indicator horse-power. 

When a steamer goes from placo to place, ahe excavates, u it 
were, a canal between the two places^ the transrerse section of wMdi 
is the immersed midsMp section of the vessel. For similar veaseb tha 
work dope on a mile, or per hotir, must Ijear a rolation to t^ 
iniraereed mttl^hip section. Let M bo the midship section of tie 
vessel, and "W the 'woik dssns in foot pounda, and II the resistancff 
agiunst M I then B, =i "M. u* % bs^Sl ^^x^^x^'^^t^Qxt done - M t?», 
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This holds good for simiLir vessels only. The midship section 
may be eiprened in tenns of the length I, breadth 6, or neight A, 
t^, 6', A*, for the area of the midship section varies as the square of 
these quantities. 

It is evident that the whole displacement, depending upon the 
lenffthf breadth, and Jieight of the vessel, will vary as the cubes of ^ b, 
or A. 

.-. M varies as Z* . *. Z oc M* (a) 

wldlo D „ l^ .'. Zoc D* (h) 

.'. from (a) and (6) M* oc D* .-. M oc D* (c) 

so that now we can put b' for M, where D is the displacement. 
It is very evident that if a vessel go from one place to another at 
double^ the usual speed, she goes in half the time, and therefore has 
iouT* times the work to do in half the time, and hence there must be 
eiffht times the power employed^ or the horse-power varies as the 
cube of the speed. If at tliree times the velocity, nine times the 
work wiU be done in one-tHird the time, and therefore the power is 
multiplied by 27. . *. a I = M v' where I is the indicator horse- 
power; but as M varies as D', the measure of the locomotive per- 
formance will be 

T" 

In the latter part of this theorem we might have reasoned thus : — 
The locomotive performance depends upon the fuel used, the fuel 
used gives an approximation of the indicator horse-power (I). 

• •. Work done by a unit of fuel = —^ 



I 
as before. 

157. Reasoning as we have in this last question, we see that if 
and C be the consumption 6t fuel, and h, and K' the speed or 
velocity. 

.-. C:C': :K» :K'»; 
alsoH.p. :h.p.': :K» :K'»; 

also, if n and n' be the number of boilers, 
w:»': :K» :K'»j 

also, if r and / be the number of revolutions, 
r : / : : K» : K'». 

158. The degree of saltness of the water entering H toiler is" 
read of as •^, and that of the water in the boiler is kept a^t^, tho' 
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tenipewitmre of the feed watct k lOCTP. (37*JC.)i and that of ih 
water in the boiler U 24^'' F. <1-(^°C1,), whit per«;eiit»ge of ttie total 
heat given to the boiler is wasted by blowing off ? 

The total heat in ateam at 248" is 1157"*64, See example 17X 
Substitute in next formub. Am. 6*5 per cent. 

Formula for &Lding the Io&b of h^t hy blowing out and the hss 

Let X — the n^amber of feet of water blown out every 3 hoars* 
Le*y= „ „ ,p evapomted „ 

i'-^ + l^= ti It ft entering „ 

Let i = the temperature of the feed water. 
Let Ir' — ,, ^, ,, boiler „ 

To turn y feet of water into steam will require (637*2 - 1) ^ of Iieat 
To boil the x feet of water blown out will rotjnire (f - i) x of heat, 

,-, Tbo total loaa 18 (e'-«)j:. 

, % Total quantity of heat employed = {a37'^2 - i) f/ + {^ - 1) x. 

Since oat of (637 ' '2 -t\^-t {f - 1) x there is lost (f - 6} z. 



Loss on 1 . 



LoM per cent = 



(637*^2^0 y+{C' -I) a? 



159. A marine boiler is blown out every 3 honrai in the prcportion 
of 1 gallon blown out to 3 iivaporated. At each timi^ ICiOO gi^QUS 
are expelledj and the boiler evaporates 3000 gaUoua per Hour, The 
temperature of the feed wat^r is 6°C. Find the loss per cent, if 
temperataro of water in boiler is 113°0* 

Ans. 5-3 per eeut. 

160. A marine boiler is blown out every hour. On each 
oocaaion 33 gallons are orpeMed, while 132 gallons are evaporated in 
the same time. Find the loss per cent, when the temperature of i^ 
water in the boiler is IID^C, and that of thu feed 5X» 

Am. 4*1 percent 

161. If a foe the number of cubic feet of feed water, & the (j^uantity 
blown out, e the quantity evaporated, supposing the water is to b« 

msuntained at — of aaltneas ; find the'quautity bloTVTi out. 

Bince the feed water=fi+&=fl> 
and also since the feed water has -^^ of aaltness in it, 

,', ,i,{fi + 5) = JL& 
Ab^J-lM 
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K the quantity evaporated is required c=6 (« - 1) 

Sincea=e+6 

.*. o=«6 .'. 6=- 

8 

162. The boiler water is to be kept at s%, or 4 degrees of salt- 
ness, how much must be blown out ? 

From last example, 6 = - = - 
8 4 

. •. Quantity blown out must be J the feed. 

163. A marine boiler is to be kept at 3 degrees of saltness, how 
much water must be blown out ? Ans, J feed. 

164. If 900 gallons of water be converted into steam, what quan- 
tity of brine must be blown out that the water in the boiler may be 
maintained at -^ of ssdtness ? Ans. 300 gallons. 

165. Prove that when a vessel is heeling over, the load on the 
safety vsdve becomes L. Cos. h, 

g Let S be the safety valve. Let S A repre- 

5* "7 sent the load. Then when the vessel heels 

i X over, the load A S will be resolved into the 

p I X two forces, A B acting horizontally and B S 

^v |X perpendicularly; the part BS only is efifect- 

d S\" ively acting to keep down the valve. 

^^ ^gle B S A is the heel a S p. Let A S 
= L or load. 

Cos. heel=— . •. B S= A S Cos. heel. 
AS 

= L. Cos. heel. 

166. A boiler is loaded to 20 lbs. on the square inch ; the vessel 
heels over 25* when the steam issues from the valve ; find the steam 
pressure in the boiler. 

When boiler begins to blow off, force of steam = Cos. heel x load 
on the safety valve. 

.*. Pressure = Cos. 25°x20. 
log Cos. 25* = 9-957276 

log .20 = 1-301030 

Ans. log 18-12 = 1-268306 

167. A boiler is loaded at 50 lbs. on the square inch; the vessel 
heels over 12"; what force will the steam have in blowing off? 

Ans. 48-9 lbs. 

168. A ship heels over 15°, and the boiler blows off at 40 lbs., what 
is the load of the valve when the ship is on an even keel ? 

^rw. 41-4 lbs. 

169. A marine safety valve is loaded to 35 lbs., and blows off at 
Z4u when the vessel inclines at a certain angle; find the heel. 

^iw. Goa.U'4Ai. 
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170. To invostigate a formula for finding the position or angle o 
the crank at any point of its stroke. 




Let the length of the connecting rod R C = 2 
,, ,, crank CE = r 

,, ^ be the an^le R C E between the connecting rod and cran 

ff h ,, height of the stroke made. 
The length of the upattoke or down stroke = 2 r 
If the pSston were at t\i^ \io\.\.om c.I*\\a ^\.tQV^^ HR would =z rA 
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Since h is the portion of stroke made 

RC»+CE2-RE« 



Cos. 6 zz 
Cos. f = 



2RC.CE 

2rl 



(1) 
(2) 



From equations (1) or (2) we can find the angle at any point of the 
Btroke. 

Let h = r, or suppose the piston is halfway up or down, then 
equation (2) becomes 

2rl 2rl 2?. 

Let angle ^ = 90°, or let the crank be at right angles to the con- 
necting rod. 

.-. Cos. 90° = P +f^^{r + l-h)^ 
2rl 
And Cos. 90° = 0. 
.-. P+7^ -(r+?-A)» =0 

.-. h= (r+/)-(^ +r«)^ 

171. When the crank is at right angles to the pistdil rod, prove 
that 

172. The leilgth of the crank is 2 feet, and the connecting rod 
6 feet; find the angle between the connecting rod and crank, when 
the piston is in the centre' of the cylinder. Ans, 80° 25'. 

173. The crank is 2i feet long, connecting rod 7| feet: find the 
angle at half stroke. Ans. 80° 43'. 

174. The angle at half stroke is 78° 27', the piston has moved up 
4 feet, find the length of the connecting rod. 

Ans. 10 feet. 
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175. On page 62 it hm been been proTed thftt 
if we divide C A in c so tli.it 

Ce I cd I : do : at 
tken by mmiliLr triangles gdo and ^ e C 
.r. gdt^r he I Ce : i do : oe 
,\ he : Oe : : c : c cZ 

he 
ifhich rivea the len^h of tho bridle rod e d. 

To fiid 0, the point wh^re the air pump rod must bo attaclieJ^ 
when the Itmgtb of the bridle rod and back link are known. 

C e I c d : : do I a e 

t\ 1? = 9S add one to each side 
Gc do 



cd^ 



cti + Oe _ ofs + dd 



Ufi 



^ ^ 

C(i + Ce de 



mvextlxxgi ato. 



Ce 



da = 



Ce. dfi' 



cd^Qe 

176, If 40 Ibi, of water are heated from 20° to 100^ bow many 
thermal units are required? AjUf- 32(M. 

177. The ateam in a boiler is at a temperature of 245'' B'., tind the 
total amount of heat in it^ and the latent beat 

1082"+ -305 T = imits of beat 
1082'+ '305 X 245'- 115G'-525 F. 

= 643° C. nearly. 
,\ Latent heat - 1156'''525 ^ 180° ^ 976^525, wliich i> 
(976' "525 - 0(m''(> = } lO'in excess of the law as nanally stated. 

178* The torop^jratme of steam in a boiler at a pressure of 6 12 
atmospheres is 320" F. ; :fiiid the total amount of heat in the steJMPi 
and the latent beat. -,, t 1179° '6 F. ^ t>5;y| G. 

179. The preesnre in a boiler is 10 atmoapheres, und the tern- 
peratiu*o 350'' P. ; Und the lateot ht^at of the ateora. Ans. 1010* F* 

180. How many units of work are done in raising a cylinder 
weighing two tons from the hold of a Yessel 16 feet deep? 

An^. 716S0. 

18L An iron ship 300 fetjt lojig, when in water at a temperature 

of 2''C., proceeds from Korway and meets the Gulf Stream off 

0, Hatteras at a temperature of 27* C. ; iind the mcrease in Ha 

length of the ship, co-efficient of iron being ^0000123, 

Ans. I 107 incb«». 

382, A locomotive "boWet \Ci t^&t long ia increased in temperatiiiB 

from Q^ C. to 180' C n ^'^ "^^ ^jcoaa^ x^^^^is^. Ax^. '42,7088 inckn. 
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183. The stroke of the piston of an engine is 24 inches, and the 
diameter of driving wheel is 8 feet ; what is the mean velocity of 
the piston when the engine is nmning at 40 miles per hour ? 

Ana. Strokes 140; 560*2 feet per minute. 

184. A shaft in a marine engine was making 20 revolutions, and 
the speed was 8 knots ; what will be the speed if the revolutions, 
by means of the multiplying gear, be increased to 25 ? 

The revolutions of the crank vary as the cube of the speed. 
Let V be speed required. 

V» ^ 25 

8» 20 

/. V« =1^ x83 =640. 

.-. V = 8-617 knots. 

185. The revolutions of the crank of a marine engine are 24 per 
minute, and the speed 10 knots. The multiplying gear was put into 
action, and the revolutions increased to 30 ; find the increase of 
speed. Ans. '77 knots. 

186. The revolutions of a crank are 30, and the speed 12 knots, to 
what number of revolutions must the multiplying gear raise this 30 
to increase the speed to 13 knots. Ans, 38*1 revolutions. 

187. The horse-power of a pair of engines is 400, and the speed 10 
knots ; it is required to give a speed of 12 knots to the ship, what 
power eugiaes must be put in ? 

The rule ** cube of speed" applies to this and all similar questions. 
10» _ 400 
12» X 

... 0^ = ^,1?-* = 691-2 H.-P. 
10» 

188. A pair of engines of 850 horse-power, which give a speed of 9 
knots, are replaced by others which give 11 knots, what is the 
horse-power of the new engines ? Ans. 1552 nearly. 

189. If a pair of engines 1000 horse-power give 11 knots per hour, 
what is the speed that will be given by 1200 horse-power ? 

Ans. 11 -68 knots. 

190. A ship has 4 boilers. With 2 boilers the speed is 7 knots per 
hour, what is the speed with 3 boilers ? 

V 2 2 

.-. a; = 8013 knots. 

191. What will be the speed when all 4 boilers are used ? 

Ans. 8-819 knots. 

192. To find the length of the pendulum and height of pendulum 
governor. 

The usual formula, as found in all works on mechanics, is that the 
time of one oscillation in seconds is = ?r \/i, where gr = 32 feet. I is 
the length feet, and «r = 3*1416; and height of a pendulum governor 
• t _ U _ _8_ 
"''"(27rn)" - {irn)' 
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We have alao this proportion d educed f rom the same equation: 
w : 60 : : V391393 ; \Jl 
where 39 1393 is the length in inches of a seconds pendulum in the 
latitude of London. 

193. Required the vertical height of a governor to revolve 80 times 
per minute. Ans, nearly 6*4 inches. 

194. Required the height of a pendulum governor to revolve once 
eVery half second. Ana. 2*43 inches. 

195. How often will a pendulum 2 feet long vibrate in a minute ? 

Ans. 76-6. 
190. To find the density of the air under the receiver .of an air 
pump after the piston has ascended any number of times. 

Let A be the capacity of the receiver. 
,, B ,, ,, ,, barrel. 
,, (/ ,, density of atmospheric air. 
ti dn t, ,f after n ascents of the piston. 
After one ascent the air which fills A fills A + B. 
.-. d^ (A + B) = dA .-. di = ^^ 

After two ascents we shall get by similar reasoning 



Substituting for d^ — 



A + B 

dA^ 
(A + B)2 



dA 

A + L 



After the third ascent we have 

Generally after n ascents we have 

Density of remaining air = 



dA^ 
(A + B)^ 



dA^ 



(A + B)« 



197. To find the height through which the head of the piston-rod 
has moved at any part of its stroke : — 




Let the circle "be t\ia.t \\vTGV!i^^\v\ck the crank pin moves. 
Suppose the piston \iea.OL \.o moN^ i-sy^'\3 X.^^ , 
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In triangle FEC 

E F is the connecting rod = I 

EC ,, crank = r 

Let angle EOF = ^ 

NowFE« =EC' +CF2 - 2EC, CF, Cos. 4 

Adding EC* Cos. * ^ to each side, and transposing 

C F« -2E C. CF Cos. ^ + E C* Cos.* ^ = F E« -E C* + E C« Cos.«^. 

Extracting the square root 



CF-ECCo3.^= ±n/ FE"*-ECM1-C osT7) 
.-. C F = E C Cos. 4 + VF E«-E C^l- Cos.* i) 
orCF = rCos.'^J- V^*-»^Sin.*^ (1) 

NowCD = r +^ .-. DF + CF = r + 2 

.-. CF = r + Z-DF (2) 

Equating (1) and (2) 

.-. r + i-DF = rCos. ^ + V^^'-r'Sin.'*^ 

.-. DF = r (1-Cos. fi) + 1+ V^-r*Sin«^ (3) 
The negative sign of which will give what is required. 
If^= 90'*thenDF = r 
If ^ = 0^ then D F = 
If^=180nhenDF = 2r) 

198. Prove that if the crank pin move through the same angle 4 
from A to H in the last figure, that the piston descends through a 
space equal to B F. 

199. Show fully that equation (3) in Example 197, will give the 
correct height of the piston when at the top, bottom, and middle of 
its stroke. 

200. Show how to construct an exact parallel motion (Honours). 
This figure represents the parallel motion first suggested by Mr. 

Scott Russell, and fitted by Mr. Seaward to the Gorgon engines. 

The lever or bridle rod C D 
turns about its fixed centre C, 
and carries jointed to it at I) 
the link A D B, called the rocking 
beam, and is so arranged that 
AD = DB = CD; if this be so, 
we know by the third book of 
Euclid that the angle ACB is 
the right angle in a semi-circle. 
If wo compel B to move in a 
straight line towards C, say from 
E to B, as the three linos are 
equal, we shall always have the 
right angle at C, and therefore point A must move from F to A in 
the straight line C A continued. Hence we have an exact parallel 
motion, i.e., constrain point B to move in a straight line, point A will 
do the same. In the Gorgon engines point B oscillates at the end of 
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another bar, called the rocking standard, which describes a small 
arc nearly coinciding with a straight line. 

D is a mean proportion between A D and D B. This we see in a 
moment. If a proof be necessary, consider that in one position G D 
must be perpendicular to A B, and then by Ea, vi. 13, the fact is 
established that it is a mean proportional. As the lengths of the 
lines never vary, therefore in all other positions it is a mean propor- 
tional. In fact, either AD, D B>, or CD is a mean proportional 
between the other two. 

The distance through which the po int B slides , or 

BEsAB-'^AB^ - ;! 
4 
where 8 is the length of the stroke of the engine, which may be 
represented by A G. 

CB* =AB3 - AC8. 

= AB« -2!(sinceAG = «.-. AC« = l!) 
4J - 4^ 

.•.CB = '^AB«-?! 

3utCB = AB-BE. 
Consider A B to coincide with C B, then to rise gradually from it 
and we see C B= A B - B E. 



,-. AB-BErr'N^AB'-^ 



.-. BE = AB- ^/ab" -f 
4 

The parallel motion of the side lever engine is not given, as snch 
engines are seldom or never constructed now. But if the reader 
wishes to make himself acquainted with it, it is to be found in 
Rankine's Applied MechanicSj Bourne on the Steam Engine, or 
Goodeve's Mechanism, 
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J>ijccri*B CoUegt, Liverpool. 

3. BUILDING CONSTRUCTION. By R. Scott Bum, Q,K 

4. NAVAL ARCHITECTURE— SHtfBUJLiJiNG and Laying off. By 

S. J. P. Thcarlc, F. R.S.N. A., London. 

5. PURE MATHEMATICS. B^ Edwird Atltlns, E.Sc, (Loni,) 

Leicester, 

6. THEORETICAL MECHANICS. By P. Guthrie Talt, ProfeBsor cf 

Natural Philosophy, Edlnburghn 

7. APPLIED MECHANICS. By Professor O. Reynolds, Owens College, 

Manchester. 

g. ACOUSTICS, LIGHT AND HEAT. By W. S. Davis. LUD., 

Derby. 
9. MAGNETISM AND ELECTRICITY, Ey F. Guthrie, B, A., PkD., 

Roy 3,1 School of Mines, London. 
JO. INORGANIC CHEMISTRY. By T. E Thtjrpe, Ph.D., F.R.S.E., 

Professor of Chemistry, Andersonian University, Gbsgow. 
I J, ORGANIC CHEMISTRY. By Jmi^ Dewir* F.R.S.E., F.aS., 

Lcctufer on Chcmlstfy^ Edinburgh. 
12. GEOLOGY. By John Young, M.D., Professor of Natural HiiDOry, 

Glasgow Univer&ity, 

14. ANIMAL PHYSIOLOGY. By J. Cldand, M,D,, F.R.S., Professor 

of Anitomy and Phystology^ Galway. 

15. ZOOLOGY. By E. Ray Lankester, M.A., (Oscon.,) London. 

iS, VEGETABLE ANATOMY AND PHYSIOLOGY, By J. R 

Balfour, M.D,, Edinburgh University* 
17. SYSTEMATIC AND ECONOMIC BOTANY* By J. H. Bal/bur, 

M.D., Edinburgh University, 
19. METALLURGY* By W. H. Greenwood, A.R.S.M. 
%o. NAVIGATION. By Henry Ewers, LL,D., Pmfe^or of Applied 

Mechanics, Plymouth. 
St. NAUTICAL ASTRONOMY. Ey Henry Evcrs, LL.D,, Plymouch. 
13. STEAM AND THE STEAM ENGINE— Lat*d, Marini^ anu 

Loco*40Tivi:. By Henry Evers, LL.D., Plymouth, 
33. PHYSICAL GEOGRAPHY. By Johrt Young; M-D., ¥micmt of 
Natural Hiitory, Gl^ssgON^ Un,\vet%lty. 



JiOndon, ISsHabuTgli., a^d, ■fi.^ttio^^i^^^JoTiTtft^iaUa^is*, 
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'WiUiam Collina, Sons, & Co.'s Eduoatlonal 'Works. 

COLimS' HEW CODE SCHOOL SERIES. 
KEW CODE PROGRESSIVE READERS: 

AN ENTIRELT NEH' SERIES OF READING BOOKS, 
ILLUSTRATED BY DAJLZIEL BHOTHEM. 

Specially adapted to meet the reqiiirements of tJie Kew Code, 



FIRST PRIMER, 32 pp*. Illustrated, Fcap, Svo, sewed, ... .,. o 
SECOND PRIMER, 6+ pp., IlluiiCraCed, Fcap. 870, sewed^ .,, o 

FIRST STANDARD, 90 pp, illustrated, Ex. Fcap. 8vd, doth, ... o 
SECOND STANDARD, uo pp., Illu$mted, Ei, Fup, Svo, doth, o 
THIRD STANDARD, 168 pp,, Ilhistmtfrd, Ex. Fcap. Svo, doth, o 
FOURTH STANDARD, 216 pp., Illustrated Ek. Fcap. 8vo, doth, i 
FIFTH STANDARD, igo pp.. Illustrated, Ejc. Fcap. Svo, doth, ... i 
SIXTH STANDARD, 320 pp.. Illustrated, Ejc. Fcap. Svo, doth, i 

These Reading Books have been carefully prcpaTcd hy the Pjijncjpal of one 
of the largicst Training Colleges in England; and the Publlsherf confidently 
durect the attention of Members of School Boards, Teachers, arid all interested 
iji Edacarion, to their superior excellence in matter and airang^rrient. The aim 
has been to produce a Scries of Reading Books thoroughly adapted to all the 
requlrcmenis of the day, and of such merit, and at such price, as to secure their 
introduction into all classes of Schonla. 
OUTLINES OF ENGLISH HISTORY, with Engravbp, by Leonhard 

Schmitz, LL.D., Extra Fcap. Svo, doth, ,.. 
OUTLINES OF NATURAL PHILOSOPHY. Illustrated, Extra 

Fcap. 8vo, doth, 
OUTLINES OF NATURAL HISTORY. Illustrated, Extn Fcap. 

Svo, cloth, ... 
OUTLINES OF CHEMISTRY. Illustrated, Eit. Fcap, Svo, doth, 
OUTLINES OF POLmCAL ECONOMY FOR SCHOOLS, Bxtm 

Fcap. Svo, doth, ... ... 

OUTLINES OF DOMESTIC ECONOMY FOR GIRLS, Extra 

Fcap. 8to, cloth, 
SELECTIONS FROM ENGLfSH HISTORY, for Scatidards lY., 

v., and VL, in 3 Parts, 31 pp., ... each 

SELECTED POETRY, for Standards IV., V., VL, 3 Parts, cadi 
ANIMAL PHYSIOLOGY, for Standards IV,, V., VL, 3 Part^cach 



fi 



GEOGRAPHTp 
COUNTY GEOGRAPHIES OF ENGLAND Sc WALES, adapted to 
Standard V., with Woodcut Illustrations and Coloured Maps, cath 



Beaics, 


Durham, 


LxlCESTEH. 


SHUOPiHlRE, 


BuciaKCiHA^f. 


Glamor cAK, &c. 


LI^tCOLNgHIItE, 


SOMEKSET. 


CUVAMlRLATiD. 


Gloucegteb. 


Middlesex. 


Staffoidshiki. 


CavnAkvon, ice. 


Hampshire. 


Monmouth. 


WARwicsr. 


Deneich & Flimt. 


Here roup. 


Norfolk, 


Westmorxland. 


DsHBTSHiaE. 


HERTra«P. 


Notts. 


Wilts. 


DoBStT. 


LANCASHIRf.. 


OxroRD. ; 


Y0RK.4HTRE, Ac. 



Loudon, Ediuburgh, and Herriot Hill Wo-cks, Qls^^crvr^ 
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"Willkun OoUme^ Bona, & Co.*a Educational ^Worka. 

NEW CODE SERIES. 
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GEOGHAPHY^Continued, t I 

GEOGRAPHY, Standard IV,— Chief Divisions of the World, yl pp,, o i 
GEOGflAPHY, Stindard V.— The preceding, andRivErs, MoyntUDS^ 

and DivJsiam oP England and Walci^ 32 pp. f ... *.. .,.0 1 

GEOGRAPHY, Standard VI.— Great Britain and Ireland, the Coun^ 

tries of Europe, Chief Rivers, Capitals, Mountains, &:c., ^^ pp., *,* * 
PHYSICAL GEOGRAPHY, Standard IV.— Figure of the Eartti 

Distribution of Sea :ind Land J Form of Continents, 31 pp., _* 01 

PHYSICAL GEOGRAl^HY, Standard V.^The preceding, and 

Mmtntain Sy^msj Divisionjs of Ocean ; Ocean Curr en C3i, 31pp., 01 
PHYSICAL GEOGRAPHY, Standard VL— Atmospheric Pheno- 
mena j Tode Winds j Plants and Animals, and Races of Mcn^ 32 pp., 1 

ARITHMETIC, 

ARITHMETIC J Standard 1. — Addition and Subtraetion, 44 pp., ... o i 
ARITHMETIC, Standard IL — Muldplicatlon and Division, 314. pp., 1 
ARITHMETIC, Standard IIL— Long Division, and Compound Rules, 

(Money,) 3a pp., ... .,. ... .., J^ 

ARITHMETIC, Standard IV.— Compound Rulc5, (Common Weighs 

and MeasurEaJ 3a pp., ,,, ,,. _. .,. .,, .„ ij 

ARITHMETIC, Standard V.— Practice, and Bills of Parcels, 32 pp., * 
ARITHMETIC, Standard VL— Proportion and Fractions, 4S pp., ...OS 
THE METRIC SYSTEM OF WEIGHTS AND MEASURES, 

adapted to the Requirements of the Mew Code, 32 pp. ^ ... ,.. ij 
THE METRIC SYSTEM OF WEIGHTS AND MEASURES, 
containing Solutions of the tjaestions set in the Examinations for Cer- 
tificates. By Thomas W. Piper, Battersea, 48 pp., cloth, ... 3 
THE STANDARD ARITHMETIC, Extra Fcap. Svo, cloth, .,. i o 
ARITHMETICAL EXAMINING CARDS, containing Eitercises, 

paitly in Words, for each Rule in each Standard, in 16 Packets, each 6 
ARITHMETICAL TEST CARDS, contaSnSng Promiscuous Exercises, 

partly in Words, for all the Rules 1 11 each Standard, in 6 Packets, each & 
ALGEBRA, Standard IV. — Notatiori, Addition, Subtraction, 32 pp., ^ * 
ALGEBRA, Standard V.— Multiplication and Division, ^z pp., ... 1 
ALGEBRA, Standard VI. — To Simple Equadoras, inclusive, 3a pp., » 

LANGUAGES, 

LATIN, Stand. IV. — Early portion of the Grammar, up to Verbs, 33 pp., J 

LATIN, Stand. V.— Regular Verbs, and First Rules of Syntix, 3s pp,, o » 

LATIN, Standard VL— Irregular Verbs, 31pp., .,, o % 

F R ENC H, Stan d , IV. —Early portion of the G rammar, up to Verbs, 3 » pp. , l 

FRENCH, Stand. V,— Regular Verbs, and First Rules of Syntajt, 31 pp., * 

FRENCH, Standard VL—Irrfgukr Verbs, 31 pp. ... o % 

GER M A N, Stan d. I V. — Early pur tjon of the Gram mar, up toVer bs, 3 1 pp. , o * 

GERMAN, Stand. V.— R egular Vcrbe, and First Rules of Syntax, 3a pp., o 1 
GERMAN, Standard VL— Irregular Verba, 32 pp., ... ... ... 01 




^^Uliani CoUina, Sona^ & C3o-'a Educational Wot^ka, 

THE 8G0TTI8H SCHOOL-BOOK ASSOCIATION'S SERIES. 



READING BOOKS, HISTOHT, & GHAMMAR- 

MY FIRST BOOK, Illusttattd, i6 pp*, iSma „, o j 

MV SECOND BOOK, Illustrated, 3^pp,, iSmo, o % 

MY THIRD BOOK, Illustrated, 64^ pp., 18 mo, doth limp, ... o 4 

UY FOURTH BOOK, Illustrgted, ii3 pp., iSmo, cloth, .., o 6 

MY FIFTH BOOK, 128 pp.. Foolscap a vo, cloth, o 9 

MY SIXTH BOOK, 160 pp., i^mo, doth, i o 

PROGRESSIVE LESSONS in Reading, 240 pp., i2nio, doth, ... i 6 
THE ADVANCED READER, with on A ppendii of Spdling Lessons, 

Illustrated^ 432 pp., iimo, doth, ..» ,.. .., ... ... z 6 

HISTORY OF THE BRITISH EMPIRE, mth Coloured Maps and 

numerous Woodcuts, complctft tf) i vol., 384 pp., izmojcloth, .,, s o 

MANUAL OF ENGLISH PRONUNCIATION, 48 pp., iSmo, o 4 

THE YOUNG CHILD'S GRAMMAR, 36 pp., i8mo, , o 3 

PRACTICAL GRAMMAR of the ENGLISH LANGUAGE, 

mdnding Analysis of Sentences, 144 pp., 1 8 mo, doth, -» "* o 9 



GEOGR.AI*HY 

THE YOUNG CHILD^S GEOGRAPHY, New Edition, iSmo, .,. o 3 
MY FIRST GEOGRAPHY, New Edidon, 64 pp„ iSmo, doth, ... o 4 
OUTLINES OF MODERN GEOGRAPHY, 12S pp., i2mo, doth, 

with Maps of Europe, Scotland, England, 2nd Palestine, ... ,.. to 
ELEMENTS OF MODERN GEOGRAPHY, with II lustrations and 

Maps, 160 pp. I i^mo, doth, ,., .,, .., ... ... i o 

OUTLINES UF ANCIENT GEOGRAPHY, 121110, cloth, ... i 6 

OUTLINES OF PHYSICAL GEOGRAPHYp loS pp., lamo, doth, 

with Five Coloured Maps ,. , „, t o 

ARITHMETIC, 

FIRST LESSONS IN ARITHMETIC, 36 pp., tSmo, 03 

THE SELF-INTERPRETING ARITHMETIC, iSmo, doth, ... o 6 
ANSWERS TO THE SELF^INTERPRETING ARITHMETIC, o 4 
SYSTEM OF PRACTICAL ARITHMETIC, on a Plan entirely new, 

iSmo, doth, ,,. ... ... .,, ... ... ... o 9 

A COMPLETE SYSTEM OF PRACTICAL ARITHMETIC, 
including Practical Gcometiy, Mensuration of Surfaces and SoliJs, 
Land Surveying, Artificer's Work, Plane Trigonometry, and Algebra, 
igzpp., i2mo, doth, ... ... ... .. ... ... t 6 

KEY TO COMPLETE SYSTEM OF ARITHMETIC, lamo, doth, 4 o 
TABLE OF LOGARITHMS, lamo, doth, ... ... ... i S 

ELEMENTS OF ALGEBRA, 48 pp., limo, doth, ... ... o 6 

KEY TO ELEMENTS OF ALGEBRA, 102 pp., iiitio, doth, ... i 6 
EU CLID'S ELEM E NTS, Fi rst Six Books wi th Exe rds€3, i a mo, doth , i 6 

First Book at 6d.i Fint Four Bogks at 11. 
KEY TO EXERCISES IN EUCLID, 116 pp., i^mo, doth, .,. i 6 

LoniioBj EdmbtiTfirht OJod Harriot Kiil 'WoT^ta, Qf\&ai,Q^- 
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CLASSICAL SERIKS, 

LATIN RUDIMENTS, with Copious Exercises in Reading and Com- i, I 

p^Jtion, tamoj doth, ... ... ... ... »., ... i o 

LATIN DELECTUS, wUb Explaiwteiy Notef and Copious Vocahulaiy, 

Part I., 132 pp., i^imOi cluth, _. ._ .,, ,., ^,. s^ 

C^SAK, with Imitative EKcrtiscs^ Notes, and Vocahulary, i^mo, doth, 1 
SELECTIONS FROM VIRGIL, with Note^ Quesdum, and Vo- 

cabiibryj izmo, doth, .,. ,., .., .,. ,,, ,,, l 

RUDlMiiNTS OF THE GREEK. LANGUAGE, with Excrdsta 

^ai Vocabulary, on the Plan of the LatJit Eudiments, I2ni0^ doth, 2 a 

MOBKHN LANGUAGES. 
FJ^ENCH, by M CB^RDENAL, B,A., High SM, GImgow. 
FRENCH PRIMER, for Junior Classes, 96 pp., Fcap. J cloth, .,. 9 
FIRST FRENCH COURSE, or Rules and Eatcrcisca for Be^ners, 

3ix pp., Fcap., cloth, ..* ... ... ... .,, ,,, 1 6 

SECOND FRENCH COURSE, or French Sjntax and Reader, 24.0 

pp., Fcap., doth, , ,. ,,,20 

FRENCH EXERCISES FOR ADVANCED PUPILS, containing 

the Principal Rules of French Syntax, numerous French and English 

Exercises on Rules and Idioms, 320 pp., Fcap. J doth, 3 6 

KEY TO FIRST AND SECOND COURSES, Fcap., doth^ ... i h 
KEY TO ADVANCED COURSE, Fcap., doth, ... ..„ ... 5 6 

GERMAN, hy DM. JULIUS MAIER^ CMttaAmm C^Utge, 
GERMAN PRIMER, for Junior Classes, 96 pp., Fcap., doth, ... o 9 

FIRST GERMAN COURSE, Fcap., cloth, ... ... 1 

SECOND GERMAN COURSE, Fcap., doth, ... ... .„ a a 

SCHOOL DIGTIOTJ ARIES, 
DICTIONARY OF THE ENGLISH LANGUAGE, E^mological, 
Deri van vc^ Explanatory, Pronouncing, and Synonymous, llluscratcd 
by 1000 Engravings. In Medium Svo, loot pp., doth lettered, ,„ 10 6 
THE CABINET DICTIONARY OF THE ENGLISH LAN< 

GUAGE. 750 En pavings. Square Post Svo, §60 pp., cL ktbered, 5 
The same Work, halt-bound, lettered, ... ... ... ... 7 6 

THE GLOBE DICTIONARY OF THE ENGLISH LANGUAGE. 

500 Engraringjs. Crown Svo, 76a pp., doth lettered, (nearly ready,) a £ 
The same Work, half-hound, lettered, .,, ... .,. ,.. 3 ii 

THE NATIONAL ILLUSTRATED PRONOUNCING DICTION^ 

ARY. Demy 18 mo, 400 pp., 2,50 Ilhi^trabons, doth lettered, ... % 
The same, Etroni^ty half-bound roan, lettered, red edges, ... ... i b 

THE POCICET ILLUSTRATED PRONOUNCING DICTION- 
ARY. Royal 320:10, 320 pp., 250 lUnsCrations, doth, o £ 

The same, strongly half-bound roan, lettered, red edges, .., ... 10 

A DICTIONARY OF THE DERIVATIONS OF THE ENG- 
LISH LANGUAGE, in Mfhich cich Word is traced to its Primary 
Root Forming a Text-book of Itvmobgy. 400 pp., 1 8 mo, doth, 1 
A DICTIONARY OF SYNONYMS OF THE ENGLISH LAN- 
G UA GE, 3 6S pp . , D cmY i^m^, ^^^c^^k lettered, ... ... , , . 10 



WiUiani Collma, Sons, & Co'a EtiucatioiLn.1 Worka* 



COLLINS' SERIES OF FIRST-CLASS SCHOOL ATLASES, 

Qirifiilly Constructed aad En^rOTVii frsm thf haf &nd htnt Attihritia^ sad 
Btauilfuitj Frinud in Cakun^ sff Sypirjine Craim Wfmc F^per^ 

MODERN GEOGRAPHY^Grown Series* t. J. 
MY FIRST ATLAS, consisdiig isf 12 Maps, 9 Inches by 7^ inches^ 

folded £vo, in Neat Wnpper, ,.. ... .06 

THE PRIMARY ATLAS, consktiiig of 16 Maps, 5 indies by 7^ 

inches, 4to, Stiff Wrapper, .., ... ... ,.. ... ...06 

THE POCKET ATLAS, consisring of iS Mapa^ folded in Svo^ and 

mounted on Gtiards, doth lettered, ... ... ... ... i o 

THE JUNIOR, OR YOUNG CHILD'S ATLAS, consisting of 16 

Maps, 4to, with 16 pp. of Questions on the Maps J n Neat Wrapper, i o 
THE STANDARD SCHOOL ATLAS, consisting of ^4 Maps^ 

Crown 4to, ill Neat Wrapper, ... ... ... ... ... i o 

THE PROGRESSIVE ATLAS, consisting of 31 Maps, 9 inches by 

7I inches, 4tn, doth lettered, ... ... ... „. ... z o 

THE CROWN ATLAS, consisting of 31 Maps^ on Guards, with 

Index, Svo, doth lettered, ... ... ... ... .„ ... 2 6 

THE NATIONAL ATLAS, con&i sting of %z Maps, ^to, with a 

Copious Index, doth lettered, ... ... ... ... ... 2 6 



MODERN GEOGRAPHY-^Imperial Series. 

THE SELECTED ATLAS, consi^tiiig of 10 Maps, Imperial 4tOi 11 

by 13 inchc:s, Stiff Cover, ... ... ... ... ... ... 1 6 

THE PORTABLE ATLAS, consisting of 16 Maps, folded Imperial 

$vOf doth lettered, ... ... ... ... ,.. ... ... j o 

THE ADVANCED ATLAS, consisting of 32. Maps, Imperial ^to, 

doth lettered, ... ... ... ... ... ,.. ... 3 6 

THE ACADEMIC ATLAS, consisting of 33 MjapBi^ Imperial 410, 

with a Copious Index, doth lettered, ... ... ... ... 5 o 

THE STUDENT'S ATLAS, consisting of 3z Map*, and 6 Ancient 

Maps, with a Copious Index, Imperial Svo, cloth lettered, ... 6 o 

THE COLLEGIATE ATLAS, consisting of 31 Modern, 16 Historical, 
and z Ancient Mapsy mounted on Guards, with a Copious Index, 
Imperial Svo, doth lettcredj ... ... 76 

THE INTERNATIONAL ATLAS, consisting of 31 Modern, 16 
Historical, and 14 Maps of Classical Geography, with Descriptive 
Xetterpress on Historical Geography, by W. F. Collier, LL.D.; and 
€jn ClassicaL Geography, by L. Schmitz, LL.D., wltli Copious Indices, 
Imperial &vo. Cloth mounted on Guards, ... ... ... ... to 6 



PHYSICAL GEOGRAPHY-^Demy Series. 

THE PRIMARY ATLAS OF PHYSICAL GEOGRAPHY, 16 

Maps, Demy 4to, 9 by II inches, 5 ti(f Cover, 
THE POCKET ATLAS OF PHYSICAL GEOGRAPHY, 16 Maps, 

on Guards, Demy 8vo, doth, 



Iioadon, Udijibtusii, and Herriot Hill'Wat'^^^Afia^,^^- 
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'WUliatn Collina* Bon»t & Do* a Educational WoTk», 

COLLINS' SERIES OF SCHOOL ATLASES-CONTlwUEa 



PHYSICAL GEOGRAPHY— Imperial Series, 
THE PORTABLE ATLAS OF PHYSICAL GEOGRAPHY, 20 

Maps, II by ij inches, mounted on Guirds, Imp, Svo, cloth, 
THE STUDENTS ATLAS OF PHYSICAL GEOGRAPHY, 10 
Mapa, mounted on Guards. With Letterpress DcscriptiQii and Wocd 
Engravmga/ B7 James Bryce, LL.D*^ F.R.G^S. Imp, Syo^ gL^ 



HISTORICAL GEOGRAPHT. ^ 

THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 

M^pSj 6^ by n inches, mounted on Guards, Imperial 1 6nio, cloth, 
THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, with LEttcrptcss Dcscfipuon by Wm* F. ColUer, LI*D., 

Imperial j6mQ, cloth, 

THE STUDENTS ATLAS OF HISTORICAL GEOGRAPHY, i( 
Maps, LetcerprcEs DcBcriptJon by Wm. F. Collier, LL,D,, Sv^, clol 



CLASSICAL GEOGRAPHY, 
THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 

Maps, Imperial tCmo, 6j by 11 inches, cloth lettered, 
THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 1 $ Mapa, 

with Descriptive LetteipresS} by Leonhaid Schmicz, LL.D., Imperial 

j6rno, cloth lettered, 
THE STUDENT'S ATLAS OF CLASSICAL GEOGRAPHY, t^ 

M;ip§, Imperial Si?o, with Descriptive Lettcfpress, by Leon hard 

Sc hmitz> LL, D. , cloth lettered, 



I 



SCRIPTURE GEOGRAPHY, 
THE ATLAS OF SCRIPTURE GEOGRAPHY, 16 Maps, wi( 

Questions oa each Map, Stiff Cover, 
THE POCKET ATLAS OF SCRIPTURE GEOGRAPHY, 16 

MapSp 7} by 9 inches, mounted on Guands, Imp, i6mo, clotb| 



1 
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BLANK PROJECTIONS AND OUTLINES 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Demy 4to, on Stout Drawinjg Paper, Stiff Wrapper, .„ 
THE CROWN OUTLINE ATLAS, 16 Maps, Demy 4^0, Stout 

Drawing Paper, Stiff Wrapper, . , , * . , . , . , , , . . 

THE IMPERIAL ATLAS OF BLANK PROJECTIONS, consisting 

of J 6 Maps, Imperial ^Jto, on Stout Drawing Paper, Stiff Wrapper, i 
THE IMPERIAL OUTLINE ATLAS, 16 Maps, Imperial 4JC0, Stout 

Drawng Papet, Siii CtjYtt, ., ,, ,., i 
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